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ABSTRACT. The Deutsche Gesellschaft  fCr Raketentechnik und 
Raumfahrt (German Association f o r  Rocket Engineering and 
Space Travel) has taken on the t a s k  of holding t h r e e  sympo- 
s ia  each year  on cu r ren t  problems o f  space t r a v e l .  
symposium of last  y e a r ,  which took p lace  on 7 December i n  
Munich and i n  which about 1 5 0  s c i e n t i s t s  from indus t ry  and 
research  took p a r t ,  w a s  dedicated t o  t h e  theme “In terp lane-  
t a r y  Spacef l igh t  Missions.” 
p a r t  on research  programs being c a r r i e d  out by t h e  firms of 
B6lkow and Erno i n  cooperation wi th  NASA. Two p r o j e c t s  a r e  
i n  t h e  foreground of t h e  inves t iga t ions :  
probe, which i s  being planned as a cooperative German-American 
e f f o r t  f o r  t h e  seven t i e s ,  and second a space f l igh t  mission t o  
J u p i t e r ,  which, bes ides  observing t h e  p l a n e t ,  w i l l  among o t h e r  
t h ings  t ake  measurements within t h e  here tofore  sca rce ly  ex- 
p lored  a s t e r o i d  b e l t ,  This J u p i t e r  probe i s  expected t o  be 
o u t f i t t e d  and launched j o i n t l y  by American and European space 
agencies. -- A number of presenta t ions  were a l s o  devoted t o  
t h e  so-called swing-by technique, which permits t h e  use of t h e  
g r a v i t a t i o n a l  f i e l d  of a p lane t  i n  a l t e r i n g  t h e  o r b i t  of a 
pass ing  space vehic le .  The p o s s i b i l i t y  e x i s t s  t h a t  i n  t h e  
f u t u r e  wi th  t h e  a i d  of t h i s  method in t e rp l ane ta ry  f l i g h t s  may 
be made outs ide  t h e  plane o f t h e  e c l i p t i c ,  a t h i n g  which could 
not be r e a l i z e d  with t h e  propulsion systems previous ly  a v a i l -  
a b l e ,  -- A l l  i n  a l l ,  t h e  work o f  t h e  German research  groups 
o f f e r s  t h e  beginning of an actual expansion (no t  j u s t  an i m i -  
t a t i o n )  of t h e  American space program. The f irst  s t e p  could 
thus  be taken i n  t h e  d i r ec t ion  of a coordinated i n t e r n a t i o n a l  
program, i n  which Europe can p lay  a p a r t  i n  keeping with h e r  
s c i en t i f i c cap ac it y . 

- /9* 

The last  

The exper t s  r epor t ed  f o r  t h e  most 

f i r s t  t h e  s o l a r  

I .  Explorat ion o f  the So la r  System 

i s  d i r e c t e d  toward the  explora t ion  of the s o l a r  system, with i t s  p l ane t s ,  
p l a n e t o i d s ,  moons, and i n t e r s t e l l a r  matter.  A s  e a r l y  as 1960 t h e  Russians 
s t a r t e d  t h e  race  t o  our neighboring planets  with the  launching of  two Mars 
probes,  which, t o  be su re ,  were f a i l u r e s .  Since t h a t  t ime, year  a f t e r  year ,  
whenever t h e  p l ane t s  were i n  favorable  pos i t i ons ,  t h e  Russians as  wel l  as the  
Americans have s e n t  out probes t o  Mars and Venus, only a few of which, however, 
have f u l l y  s a t i s f i e d  the  expectat ions en ter ta ined  f o r  them. The Americans were 
first t o  be  successfu l ,  when t h e i r  Mariner 2 succeeded i n  a fly-by of Venus, 
pass ing  wi th in  35,000 km o f  t h a t  p lane t ;  many su rp r i s ing  s c i e n t i f i c  f a c t s  about 
t h e  atmosphere of Venus were learned from measurements taken a t  t h a t  time and 

*Numbers i n  t h e  margin ind ica t e  pagination i n  t h e  fo re ign  t e x t .  

An e s s e n t i a l  p a r t  of the  s c i e n t i f i c  program connected with space t r a v e l  
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analys is  of t he  o r b i t a l  elements. After t h e  f a i l u r e  of Mariner 3, the  f i rs t  
American Mars probe, Mariner 4 succeeded i n  f l y i n g  by Mars a t  a d is tance  of  
9,844 km, 228 days a f t e r  i t s  launching on 1 4  J u l y  1965. Within 26 minutes 22 
p ic tu res  were taken and s to red ,  which were l a t e r  t ransmi t ted  t o  the  e a r t h  over 
a d is tance  of more than 300 mi l l ion  km i n  the  course of  a few weeks, and which 
could be received here  without d i f f i c u l t y .  These first p ic tu re s  of  Mars su r -  
p r i s i n g l y  showed a c ra t e red  landscape similar t o  t h a t  of  t h e  moon, and the  phan- 
t a sy  of t he  Martian cana ls ,  which f o r  decades had l e n t  wings t o  man's imagina- 
t i o n ,  resolved i t s e l f  under optimum o p t i c a l  condi t ions i n t o  ind iv idua l  c r a t e r s  
and spots .  

The s t r i n g  of Russian successes began, a f t e r  many misses, e a r l y  i n  1966, 
when the  probe Venus 2 passed the  planet  a t  a d is tance  of 24,000 km, while a 
few days l a t e r  a second Venus probe burned out i n  t h e  p lane tary  atmosphere, o r  
may even have landed on t h e  sur face .  F ina l ly ,  during the  pas t  year  a grea t  
sp lash  was made by the  successful  landing of t he  instrument package of  a Russian 
Venus probe, which was dropped by parachute,  en te red  t h e  atmosphere of Venus, 
and was able  t o  land the re .  
r e s u l t s  o f  the  American Venus probe, which made a p r a c t i c a l l y  simultaneous f l y -  
by of  t h a t  p lane t  and which a l s o  provided an abundance of s c i e n t i f i c  da t a ,  went 
almost unnoticed. 

In the  shadow of t h i s  g rea t  accomplishment, t h e  

The f u r t h e r  program for explorat ion of Mars and Venus i s  expected t o  in -  

While 
clude the  launching of two more Mariner probes i n  1969, which a r e  expected t o  
d e l i v e r  considerably sharper  p i c t u r e s  than were poss ib l e  with Mariner 4. 
no d e t a i l s  of  f u t u r e  Russian p lans  have ever  been made ava i l ab le  s o  far ,  i n  
America t h e  Voyager pro jec t  is already being discussed,  which i s  t o  e n t a i l  t he  
double launching of  two space vehic les  with a s i n g l e  Saturn 5 rocke t .  The two 
vehic les  are t o  be put  i n t o  o r b i t  around Mars and a r e  t o  send out landing cap- 
s u l e s  from the re .  While the  probes remaining i n  o r b i t  a r e  tak ing  measurements 
of t h e  phys ica l  r e l a t ionsh ips  i n  the  v i c i n i t y  of  Mars, i n  order  f o r  ins tance  t o  
make a more p rec i se  determination o f  i t s  magnetic f i e l d ,  t h e  sof t - landing  cap- 
s u l e s  a re  t o  ca r ry  equipment with them not only f o r  t he  s tudy of  t h e  atmosphere 
and the  su r face ,  bu t  a l s o  devices which w i l l  permit t h e  determination of  t r a c e s  
of poss ib l e  b a c t e r i a l  o r  o the r  l i f e  forms. 
cluded i n  the  Voyager p r o j e c t ,  as has been s t rong ly  advocated i n  America s ince  
the  s o f t  landing of  t he  Russian instrument capsule ,  has y e t  t o  be determined, 
as has i n  f a c t  t he  quest ion of whether o r  no t  the  Voyager pro jec t  as such w i l l  
be c a r r i e d  out ,  f o r  it has now been g rea t ly  endangered by t h e  cut-back i n  the  
NASA budget ,  

(. 

Whether o r  not  Venus too  w i l l  be in -  

P a r a l l e l  with these  in te rp lane tary  space f l igh t  missions,  however, j u s t  
as has been the  case i n  the  p a s t ,  explorat ion of  i n t e rp l ane ta ry  space i n  the  
v i c i n i t y  of t he  e a r t h  i s  being c a r r i e d  out  i n  much l e s s  spec tacular  manner with 
the  a i d  of s c i e n t i f i c  s a t e l l i t e s .  A l l  t he  research  a c t i v i t i e s  c a r r i e d  out i n  
r e l a t i o n  t o  t h i s  have led  t o  our knowing much more about the  matter  and the  
phys ica l  phenomena i n  the  s o l a r  system between Venus and Mars than we did t e n  
years  ago. A glance at a t rue- to-sca le  r ep resen ta t ion  of  t he  s o l a r  system 
(Figure 1 )  shows immediately, though, t h a t  only a very l imi ted  por t ion  of the  
e n t i r e  system is  being d e a l t  with here .  Besides the  n ine  p l ane t s  Mercury, 
Venus, Earth, Mars, Jupiter, S a t m ,  Uranus, Neptune, and Pluto, a l l  of which 
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Figure l a  ( l e f t ) .  The Inner  Por t ion  o f t h e  Solar System, from Mercury t o  Jupi -  
t e r ,  w i th  t h e  Astero id  Bel t  between M a r s  and J u p i t e r  (Cross-Hatched Area). 
While t h e  Greater Por t ion  of  t h e  Asteroids ,  Including t h e  Largest ,  Ceres, Show 
Nearly C i rcu la r  Orb i t s ,  Others Show Very Marked E c c e n t r i c i t i e s .  The P lane to id  
Hidalgo thus  Goes Out Pas t  t h e  Orbit of J u p i t e r  at Aphelion, While Icarus  at 
Pe r ihe l ion  Plunges i n t o  Orbi t  of  Mercury. 
Figure l b  ( r i g h t ) .  The Outer Por t ion  of t h e  Solar System, from Mars t o  P lu to ,  
w i th  Some of  t h e  Comets Shown. 
t h e  Exception of t h e  Markedly Eccentr ic  Orbi t  of P lu to ,  t h e  Orbits of t h e  Plan- 
e ts  Do Not Deviate Grea t ly  from t h e  Circular .  

(The Asteroid B e l t  i s  Not Shown Here.) With 

(with t h e  exception of t he  markedly eccen t r i c  o r b i t  of Pluto)  o r b i t  t h e  sun 
p r a c t i c a l l y  i n  one p l ane ,  t he  e c l i p t i c ,  t h e  s o l a r  system includes some thou- 
sands of  very small bodies ,  t he  so-ca l led  asteroids ,  which f o r  t he  most p a r t  
occupy p r a c t i c a l l y  c i r c u l a r  o r b i t s  between Mars and J u p i t e r  (Figure l a ) .  
p lanes  o f  t h e i r  o r b i t s  are concentrated f o r  t h e  most p a r t  on t h e  e c l i p t i c ,  
though a s t e r o i d s  have a l s o  been found with o r b i t s  sharp ly  devia t ing  from t h e  
e c l i p t i c ,  and t h e  e c c e n t r i c i t y  of t h e  o r b i t s  of t h e  a s t e r o i d s  a l s o  has a much 
wider spread  than t h a t  of t h e  p l ane t s .  
p l ane to ids  are fragments of a l a r g e r  heavenly body t h a t  was destroyed by a 
cosmic ca tas t rophe ,  though these  theor ies  r e q u i r e  much f u r t h e r  study and many 
more measurements before  they can be s t a t e d  as e s t ab l i shed  facts .  

The 

In  t h e  opinion of  many astronomers t h e  

European Research Projects 
While the  previous r e s u l t s  of  space research a re  almost exc lus ive ly  due 

t o  t h e  e f f o r t s  of t h e  Russians and t h e  Americans, i n  which, t o  be su re ,  Europe- 
and Japanese researchers  have made a dec is ive  cont r ibu t ion  through t h e i r  cooper- 
a t i o n ,  i n  recent  years  o the r  na t ions  have decided t o  p a r t i c i p a t e  a c t i v e l y  i n  
t h e  exp lo ra t ion  of space through t h e  launching of  h igh -a l t i t ude  research  rock- 
e t s  and s c i e n t i f i c  sa te l l i t es .  The powers of our  cont inent  which do no t  wish 
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t o  leave t h i s  f i e l d  of s c i e n t i f i c  endeavor t o  the  two grea t  powers a re  uni ted  i n  
the  two European spacef l igh t  organizat ions ESRO and ELDO. 

A s  the  meeting of the  Deutsche Gesel lschaft  fiir Raketentechnik un Raum- 
f a h r t  i n  Munich showed, p r o j e c t s  now i n  the  works i n  Germany have as t h e i r  aim 
f o r  the  sevent ies  t he  r e a l i z a t i o n  of i n t e rp l ane ta ry  missions i n  cooperation 
with NASA by which new s c i e n t i f i c  t e r r i t o r y  can be explored, s ince  they w i l l  
go beyond the  space already inves t iga ted  between Venus and Mars. 
s ions  below dea l  pr imar i ly  with the  research and development programs t h a t  have 
been c a r r i e d  out  during t h e  pas t  years  i n  r e l a t i o n  t o  these  p lans .  

The discus-  

The foundation f o r  these s tud ie s  was l a i d  i n  1964, when a Franco-German 
commission which was t o  check out fu ture  ELDO p r o j e c t s  f u r t h e r  analyzed the  
J u p i t e r  f ly-by p r o j e c t ,  f o r  which, as ide from various technica l  schools and r e -  
search i n s t i t u t e s ,  the  firms of Bijlkow and Erno i n  Germany and the  firm of 
Sereb i n  France were making important s tud ie s .  These s t u d i e s ,  which were car -  
r i e d  out  pr imar i ly  on the  development o f  c a r r i e r  rocke ts ,  gained increased i m -  
por tance when, on the  occasion of Erhard's v i s i t  i n  America, President  Johnson 
suggested a j o i n t  German-American e f f o r t  i n  t he  f i e l d  of  i n t e rp l ane ta ry  space 
f l i g h t s  and spoke of a J u p i t e r  probe. 

In  the  course of the  discussion which followed between European and Amer- 
ican  s c i e n t i s t s ,  t h e  p r o j e c t  of a s o l a r  probe which was t o  reach a minimum d i s -  
tance from the  sun of 0 . 3  AU (1 AU = 1 astronomical u n i t  = the  d is tance  from 
the  e a r t h  t o  the  sun = 150,000,000 km) was envisioned as a German-American t a s k .  
A t  t he  same time a J u p i t e r  mission was planned as a j o i n t  p ro j ec t  of  t he  Ameri- 
can and European space agencies.  
e f f o r t s  i n  ESRO, and i n  connection w i t h  t hese  the  ESRO Council a l s o  committed 
i t s e l f  i n  J u l y  1966 t o  a J u p i t e r  mission i n  cooperation with NASA. Although i n  
p a s t  years  grea t  d i f f i c u l t i e s  have a r i sen  i n  many European countr ies  i n  f ind ing  
the  means f o r  t h i s  t a s k ,  and the  f irst  study f o r  a J u p i t e r  mission has ye t  t o  
be completed, i n  Europe, o r  a t  l e a s t  i n  Germany, t he  i n t e r e s t  i n  a f l i g h t  t o  
J u p i t e r  remains, e spec ia l ly  s ince  it i s  hoped t h a t  through cooperation with NASA 
a s u i t a b l e  c a r r i e r  rocket  w i l l  be made ava i l ab le ,  and a l s o  s ince  i n  t h i s  way a 
p r o j e c t  can be pursued t h a t  cannot be  character ized as a simple r e p e t i t i o n  o r  
imi t a t ion  of previous Russian o r  American space undertakings.  This may be the  
po in t  of  departure  toward a development which w i l l  lead t o  apportioning the  
h o r r i b l y  expensive t a s k s  t o  be faced i n  the  f i e l d  of explorat ion of t he  s o l a r  
system evenly among the  i n d u s t r i a l  nat ions and w i l l  a t  the  same time tend t o -  
ward such a cooperation a s  w i l l  p roh ib i t  t h e  cos t ly  dupl ica t ion  of space p r o j -  
e c t s .  The p i c t u r e  of a t r u l y  s c i e n t i f i c  competition between Russia and America, 
which would not  only not  p roh ib i t  bu t  ac tua l ly  requi re  the  f r e e  flow of  s c i e n t i -  
f i c  information,  a l s o  belongs i n  these  v i s ions  of t h e  fu tu re .  

This was co r re l a t ed  with previous planning 

" I n t e r p l a n e t a r y  Space f l igh t  Missions'' Symposium i n  Munich 
The symposium he ld  by t h e  Deutsche Gese l l schaf t  f G r  Raketentechnik und 

Raumfahrt i n  Munich 7 December 1967 was d i r ec t ed  by Prof.Dr. W .  Kertz, Prof.Dr. 
R .  Liist, and Prof.Dr. H. Ruppe. The program included the  following p r o j e c t s ,  
which were ex t r ao rd ina r i ly  wel l  documented by comprehensive r epor t s  de l ivered  
on t h a t  occasion : 
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Dipl.Ing. H. Rosenbauer (Max-Planck-Institut fiir Physik und Astrophysik, 
Garching near  Munich), "The Solar  Wind -- Theories ,  Measurement Data, and Test-  
ing  Problems. 

D r .  H. Porsche (Study Group f o r  the  Exploration of Space, Munich), "Sug- 
gest ions f o r  Payload f o r  an In te rp lane tary  Probe f o r  Measurements i n  the  Vic in i -  
t y  of  the  Sun." 

Dipl.Ing. D . E .  Koelle (BGlkow GmbH, Munich), "Outline C r i t e r i a  and Al t e r -  
na t ives  f o r  an In te rp lane tary  Solar  Probe." 

Dipl.Phys. F.N. Neubauer ( I n s t i t u t e  of Geophysics and Meteorology o f  t h e  
Technische Hochschule Braunschweig), 'The S c i e n t i f i c  Tasks  of Spacef l igh t  M i s -  
s ions  t o  J u p i t e r . "  

D r .  H. Tol le  (ERNO-Raumfahrttechnik GmbH, Bremen), "Spaceflight Engineer- 
ing  Considerations i n  a J u p i t e r  Probe." 

W .  Kokott (BBlkow GmbH, Munich), "Mission P r o f i l e s  of  an Asteroid Probe." 

Dipl.Ing. W .  Muller (BBlkow GmbH, Munich), "The Importance of  t he  Swing- 
By Technique a t  the  Planet  J u p i t e r  f o r  In te rp lane tary  Missions." 

Dipl.  Ing. 0. Bschorr (Entwicklungsring Siid [Development Group South], 
Munich), and Dipl . Ing.  A.  Leibold (DVL-Institute [Deutsche Versuchsanstalt  fiir 
- Luf t fahr t  ; German Experimental I n s t i t u t e  f o r  A i r  TransportT f o r  Aviation Mecha- 
nits, Oberpfaffenhofen) , "The Capture and Catapul t  Capabi l i ty  of Planet-Moon 
Sys tems . 

Dipl . Ing.  H .  Wilkesmann (Technische Hochschule Munich), "The Calculat ion 
of  Two-Impulse Transfer  Orbi t s  i n  the  In te rp lane tary  So la r  System and the  W r i t -  
i ng  of  a Computer Program." 

Dipl.Phys. R.  Metzger (BBlkow GmbH, Munich), "Electric-Powered I n t e r -  
p l ane ta ry  Missions. '' 

Because of space considerat ions t h e  first l e c t u r e  and t h e  last  t h r e e  
l e c t u r e s  cannot be examined i n  d e t a i l  here .  

The S o l a r  Probe P r o j e c t  

i nd iv idua l  t echn ica l  planning c r i t e r i a  such as thermal problems, power supply,  
r a d i o  communications, and te lemetry,  as wel l  as seve ra l  guidance systems, were 
discussed by the  f i r m  of Bijlkow i n  a preliminary s tudy.  On the  b a s i s  of t h i s  
t h e  f irst  sketches f o r  a s o l a r  probe with t r i a x i a l  s t a b i l i z a t i o n  (ISOS I )  and 
with sp in  s t a b i l i z a t i o n  (ISOS 11) could be presented.  A s  Dipl.Ing. D . E .  Koelle 
s t a t e d  i n  summary, a sp in - s t ab i l i zed  probe shows no e s s e n t i a l  advantages i n  r e -  
gard t o  t echn ica l  problems, weight, and development cos t s ,  while i n  h i s  opinion 
(which was not  shared by a l l  pa r t i c ipan t s  i n  the  discussion)  a t r i a x i a l l y  
s t a b i l i z e d  probe must be given preference with regard t o  s c i e n t i f i c  experiments 

F o r  t he  German-American s o l a r  probe p r o j e c t  under cons idera t ion ,  t he  
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because of i t s  b e t t e r  p o s s i b i l i t i e s  f o r  v a r i a t i o n  and f u r t h e r  development. 

P1 anni  ng Cri ter i  a 

A s  a b a s i s  f o r  s tudy of t h e  p ro jec t  t he  following two po in t s  must be r e -  
membered. F i r s t ,  i n  t he  f a l l  of 1966 f ive  experiments were decided upon t h a t  
were t o  serve  f o r  measurement of t he  magnetic f i e l d ,  o f  t h e  cosmic r a d i a t i o n  of 
t he  s o l a r  plasma, of t he  micrometeorites,  and of t h e  zodiacal  l i g h t ;  these  are 
descr ibed i n  some d e t a i l  below. 
ava i l ab le  carrier rocke ts  t h a t  f o r  approaching as c lose  as 0 .3  AU t o  t h e  sun 
only the  Atlas-Centaur Burner 11 combination could be considered. 
ance d a t a  f o r  t h e  p ro jec t ed  improvements up t o  1973 showed t h a t  a probe o f  t h e  
mass 150 kg could a t t a i n  an o r b i t  with a p e r i h e l i o n  o f  0.28 AU. 
would be no po in t  i n  not  using t h i s  increased p o t e n t i a l ,  f u r t h e r  s t u d i e s  were 
based on t h a t  proximity t o  t h e  sun. 

I t  was a l s o  found from an ana lys i s  of t h e  

New perform- 

Since t h e r e  

The Orbit of the Probe 
Since in t e rp l ane ta ry  o r b i t s  t h a t  l ead  away from t h e  plane of t h e  e c l i p -  

t i c  a r e  not  poss ib l e  i n  d i r e c t  sho t s  with conventional forms of rocke t  propul- 
s i o n ,  and more modern propuls ion systems such as ion  propuls ion have not  been 
adequately t e s t e d  f o r  use i n  a la rge-sca le  mission,  t he  o r b i t  of t h e  s o l a r  
probe w i l l  c e r t a i n l y  l i e  on the  e c l i p t i c .  In  a coordinate  system moving with 
t h e  e a r t h ,  t he  pa th  of t h e  s a t e l l i t e  shows up no t  as an e l l i p s e  bu t  as a d i s -  
t o r t e d  double e i g h t .  In Figure 2 t he  o r b i t s  of  a s o l a r  probe are shown f o r  
varying p e r i h e l i a l  d i s t ances  from 0.26 t o  0.30 AU. / 10 - 

- - __p___ - _. ___ ~~ 

The t o t a l  dura t ion  o f  t h e  f l i g h t  u n t i l  r e t u r n  t o  t h e  v i c i n i t y  of t h e  
e a r t h  ( t h e  f l i g h t  pa ths  are not  c losed,  i n  general)  w i l l  be about one year ,  t h e  
first pe r ihe l ion  being reached a f t e r  80 t o  100 days and t h e  second a f t e r  275 t o  
295 days. 
ca t ions  w i l l  e i t h e r  be s t rongly  i n t e r f e r e d  with o r  made q u i t e  impossible i n  
f l i g h t s  on t h e  e c l i p t i c  of t h e  sun. 
conjunct ion with t h e  sun and the  f irst  pe r ihe l ion  on t h e  probe 's  o r b i t ,  and 
lasts only about two t o  t h r e e  days. The second blackout zone, i n  the  o u t e r  con- 
junc t ion  with t h e  sun,  i n t e r f e r e s  with te lemet ry  on t h e  expected o r b i t s  under 
c e r t a i n  condi t ions  (as, f o r  example, where rp = 0.30 AU)for more than a month. 

The f i g u r e  a l s o  shows t h e  "blackout zones," i n  which r ad io  communi- 

The f irst  of these  i s  between t h e  inne r  

Thermal Problem 
With c lose  approach t o  t h e  sun and the  consequent i nc rease  i n  t h e  densi-  

t y  o f  s o l a r  r a d i a t i o n  (by a f a c t o r  of  12.6 when the  sun i s  approached t o  wi th in  
0.28 AU), g r e a t  increases  i n  temperature must genera l ly  be expected f o r  t he  
s o l a r  probe.  
act ive  temperature con t ro l ,  with c i r cu la to ry  cool ing systems and the  required 
the rmos ta t i c  c i r c u i t s ,  and passive temperature con t ro l ,  i n  which the  tempera- 
t u r e  i s  con t ro l l ed  pr imar i ly  by constant i n t e r n a l  hea t  sources and s u i t a b l e  
r a d i a n t  cool ing sur faces .  Because of t h e i r  r e l i a b i l i t y  and low c o s t ,  pure ly  
pas s ive  temperature cont ro ls  w i l l  be  used; t h i s  i s  poss ib l e  i n  general  -- as 
t h e  s t u d i e s  concerned have shown -- even a t  a d i s t ance  of as l i t t l e  as 0.28 AU 
from t h e  sun. 

I n  p r i n c i p l e  two methods of temperature cont ro l  can be used: 
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Figure 2. Orbi t s  of an In t e rp l ane ta ry  Solar Probe w i t h  P e r i h e l i a l  Distances be- 
tween P The Coordinate System i s  Chosen Such t h a t  
t h e  E a g h  Remains i n  the  Same Pos i t ion .  
Closed and t h e  Angle f3 Represents the Opening of t h e  Orbit. The 
"Blackout Zone," Where Because of  t he  Sun No Radio Contact or 
at  Best Only Much Dis tor ted  Contact Can Be Achieved f r o m t h e  Probe t o  
t h e  Ea r thy i s  Shown by the  Shaded Area. Points  A ,  B ,  C,  and D Ind ica t e  Passage 
Through t h e  Center of t h e  Blackout Zone. 
on t h e  C i rc l e  Denote t h e  Number of  Days f r o m t h e  Time of Launching. The Orbi t  
w i t h  rp = 0.28 AU i s  Dist inguished by a Rela t ive ly  Short  Length of  Time Spent 
i n  t h e  Blackout Zone. 

= 0.26 AU and rp = 0.30 AU. 
I n  General the F l i g h t  Path i s  Not 

,. 

The Numbers Correlated w i t h  t h e  Poin ts  

(P  = per ihe l ion  = poin t  neares t  the  sun.) 

In  probes whose primary axis i s  always d i r ec t ed  toward the  sun ( t r i ax ia l  
s t a b i l i z a t i o n ) ,  the  temperature increase on the  face of  t h e  probe can be sharp- 
l y  diminished by a hea t  s h i e l d  i f  the  face of t h e  probe i s  conica l ;  indeed, i n  
an approach t o  0.2 AU t o  the  sun the  temperature of  t he  face of t he  probe can 
be kept i n  the  range of O°C (Figure 3) .  
probe i s  the re fo re  reduced t o  the  design of  a hea t  s h i e l d ,  which can c e r t a i n l y  
be r e a l i z e d ' t e c h n i c a l l y  f o r  a probe t o  0 . 2 8  AU from the  sun,  s ince  even with a 
r e l a t i v e l y  poor thermal r a t i o  ( a / €  = 0.5)  t he  maximal temperature t o  be expect-  
ed i s  only 33OoC. 

The temperature problem f o r  a s o l a r  

The thermal problems of a sp in - s t ab i l i zed  probe, on the  o the r  hand, a r e  
q u i t e  d i f f e r e n t ;  f i rs t ,  the  r o t a t i o n  reduces the  temperature on the  sur faces  on 
the  o rde r  of 15OoC, s ince  a t  any given time only a po r t ion  of the  cy l inder  i s  
r ece iv ing  r ad ia t ion ,  and second, s ince  only the  sur face  of  t he  cy l inder  i s  
a v a i l a b l e  f o r  r ad ia t ion  of t h e  hea t  generated by the  capsule as wel l  as for r e -  
r a d i a t i o n  of t h e  hea t  from ex te rna l  sources,  an increase  i n  r e l a t i v e  tempera- 
t u r e  cannot be avoided i n  approaching the sun. 
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DISTANCE FROM PROBE TO SUN 

E i g u r e  3. Temperatures on the Face 
of a Solar Probe as a Function of 
t he  P e r i h e l i a l  Distance.  a )  With- 
out  Heat Shield; b) With Ci rcu lar  
Face and Heat Shield;  c )  With 
Conical Face and Heat Shield. 
[Commas on cha r t  represent  decimals. ] 

Power SuppZy 

solar celZs,  which convert  t h e  s u n ' s  
r a d i a t i o n  i n t o  e l e c t r i c a l  energy, are 
expected t o  provide t h e  b a s i s  f o r  t h e  
power supply f o r  t he  s o l a r  probe. 
nions a t  t h e  discussion d i f f e r e d  as t o  
the  p o s s i b i l i t i e s  of  using i so tope  gene- 
r a t o r s ;  i n  t h e  opinion o f  t h e  reviewer 
they have a poorer  power-to-weight r a t i o  
and w i l l  no t  be ready f o r  use i n  t h e  
next  t h r e e  years .  

A t  t he  present  s t age  o f  planning,  

Opi- 

The sizicon ceZZs i n  use today 
are r e l i a b l e  only up t o  a temperature 
of  130°C, and bes ides  t h a t  t h e i r  ef-  
f i c i ency  decreases as t h e  temperature 
increases .  GaZZiwn arsenide ce l l s  , 
which are s t i l l  usefu l  i n  h igher  tempe- 
rature ranges,  are inhe ren t ly  more ex- 
pensive and t h e i r  e f f i c i e n c y  is  rela- 
t i v e l y  l imi ted .  Therefore,  t h e  increase  
i n  temperature of  t h e  s o l a r  c e l l s  with 
c l o s e r  approach t o  the  sun must be  given 
considerable  a t t e n t i o n .  

Thermal advantages ar ise  from t h e  
fact  t h a t  i n  a sp in - s t ab i l i zed  probe t h e  

sun ' s  r a d i a t i o n  is brought t o  bea r  only p a r t  of  t h e  time, bu t  t hese  advantages 
are counterbalanced by t h e  need f o r  an increased  number of ce l l s .  Aside from 
a l l  t h a t ,  a maximum e x t e r i o r  temperature of  less than 13OoC can be expected only 
up t o  a d i s t ance  of 0 . 4  AU, and with c l o s e r  approach add i t iona l  measures must be 
taken -- e i t h e r  t h e  s o l a r  ce l l s  must be placed on a conica l  su r f ace ,  which re- 
q u i r e s  t h e  use of add i t iona l  surface,  o r  e l s e  an a c t i v e  cooling system must be  
used, which must be pa id  f o r  by a weight increase  and lowered r e l i a b i l i t y .  

The smallest area of s o l a r  cel ls  i s  requi red  when a f l a t ,  t i l t a b l e  sur- 
face i s  used i n  connection with t r i a x i a l  s t a b i l i z a t i o n ,  as has a l ready  been 
done i n  t h e  American lvimbus weather s a t e l l i t e s .  
of incidence a r e  provided, which are employed depending on the  s o l a r  r a d i a t i o n ,  
t he  temperature and t h e  power del ivered can be kept more o r  l e s s  constant  i n  an 
approach t o  as c lose  as 0.28 AU from the sun (Figure 4 ) .  

If only four discrete angles 

Another so lu t ion  t o  t h i s  problem can be found by using t h r e e  f ixed  planes 
of  s o l a r  ce l l s  a t  d i f f e ren t  angles t o  the  sun. In  t h e  approach t o  the  sun, 
first t h e  v e r t i c a l  and then t h e  s l i g h t l y  planes f a l l  out due t o  over-heat ing,  
b u t  t h e  t h i r d  plane of s o l a r  c e l l s  continues t o  func t ion  well enough a t  t h e  
p e r i h e l i o n  t o  maintain a power supply of 80 watts (Figure 5): 
t h i s  method i s  t h a t  a f te r  t h e  f i r s t  pe r ihe l ion  has been passed through, t he  
e lec t r ica l  power dwindles s o  r ap id ly  t h a t  f o r  t h e  rest of t he  t r i p  the  probe i s  

The drawback of 
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Figure 4. T i l t  of  So la r  C e l l  S'urfaces t o  Achieve Uniform Temperature and Power 
output .  

Figure 

The Mek Power Requirement i s  Assumed t o  be 8~ Watts. 

P[V/ 

200 

0,2 0,3 0,4 0,5 0,6 0,i' 0.8 0,9 !,O . 
DISTANCE FROM PROBE TO SUN [AU] 

. Curve of Power Output f o r  Three Fixed So la r  C e l l  Surfaces  se-  a t  
Angles o f  O" ,  60° ,  and 80" During Approach t o  t h e  Sun. 
Surface i s  3.1 m2. 

The To ta l  So la r  Cell  

ha rd ly  ab l e  t o  func t ion .  

Radio Communications aad Telemetry 

func t ions  t o  perform: 1) transmission of  measurement d a t a  from t h e  probe t o  
t h e  e a r t h ;  2)  t ransmission of commands t o  t h e  probe and i t s  instruments;  and 
3) measurement of t h e  d is tance  from the e a r t h  t o  t h e  probe. 

Radio communications between solar probe and ground s t a t i o n  have t h r e e  
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The spec ia l  na ture  of r ad io  communications,with a s o l a r  probe as opposed 
t o  those with an ordinary s c i e n t i f i c  s a t e l l i t e ,  apa r t  from the  enormous maximum 
dis tance  (about 300 mi l l i on  km) t o  be covered, l i e s  i n  the  in t e r f e rence  of  t h e  
sun, which is  considerable  i n  a large p a r t  of  t h e  f l i g h t  pa th .  The da ta  flow 
from t h e  f i v e  experiments planned i s  expected t o  be about 15 b i t s  p e r  second. 
On t h e  r e a l i s t i c  assumption t h a t  the  comprehensive American DSIF (Deep Space 
Instrumentation F a c i l i t i e s )  network w i l l  be a v a i l a b l e  t o  t h e  s o l a r  probe fou r  
hours a day on the  average, a da t a  transmission c a p a b i l i t y  of 90 b i t s  p e r  sec. 
w i l l  be requi red  f o r  t h e  hours of ac tua l  t ransmission,  i n  view of  t h e  p o s s i b i l i -  
t y  of  d a t a  s to rage .  
f o r  t ransmission,  bu t  with a f l e x i b l e  d i r ec t iona l  antenna it could probably be 
accomplished with only about four  watts, though with c e r t a i n  mechanical and 
opera t iona l  drawbacks (possible  lo s s  of r a d i o  communications!) . In e i t h e r  case 
only a small p a r t  of  t h e  i n s t a l l e d  capaci ty  i s  u t i l i z e d .  

With a broadcast  antenna t h a t  would r equ i r e  32 t o  58 watts 

Combining a broadcast  (fan beam) antenna and a f ixed  d i r e c t i o n a l  antenna 
might well produce the  optimal r e s u l t s  i n  a t r i a x i a l l y  s t a b i l i z e d  s o l a r  probe. 
Fixed i n s t a l l a t i o n  of t he  d i r e c t i o n a l  antenna is  poss ib l e  because t h e  e a r t h ,  
during t h e  c r i t i c a l  phase of  maximum separa t ion  from t h e  probe ( t h a t  i s  t o  say,  
during approximately h a l f  the  voyage), remains within an angle of  f 10' of  t h e  
primary ax i s  of  t h e  probe ( c f .  Figure 2 ) .  The in t e r f e rence  of  t h e  sun i s  some- 
what abated when t h e  t r ansmi t t i ng  capaci ty  of  t h e  d i r e c t i o n a l  antenna i s  r a i s e d  
t o  10 watts, and t h i s  t ransmission capaci ty  a l s o  s u f f i c e s  f o r  t ransmission of  
da t a  during the  res t  of  t he  f l i g h t  with t h e  f an  beam antenna. Moreover, t h i s  
combination makes it poss ib l e  t o  increase the  flow of da t a  considerably during 
t h e  per iod  of  blackout ,  when t h e  probe i s  i n  f r o n t  o f ,  near ,  o r  behind t h e  sun, 
and thus  s u b s t a n t i a l l y  decrease the  per iod of i n t e r r u p t i o n  of r a d i o  contact  
(Figure 6 ) .  Nevertheless ,  f o r  t h e  one-year dura t ion  o f  t h e  f l i g h t  t h e  per iod  

t; ! /sec  
io 000 

IO00 
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0 40 80 120 160 200 240 280 320 360 DAYS/ 
Figure 6 .  Increase i n  data flow (shaded a r e a )  by combination of  a f an  beam an- 
t enna  wi th  a f ixed  d i r e c t i o n a l  antenna i n  t h e  c r i t i c a l  region of  blackout .  The 
f an  beam antenna has a m a x i m a l  antenna ga in  of  12  db, t h e  parabol ic  antenna 24. 
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of i n t e r r u p t i o n  of r ad io  contac t  i s  s t i l l  approximately 6 8  days, s o  t h a t  ap- 
proximately 18% of the  measurement da t a  w i l l  be l o s t  i f  no add i t iona l  means of 
d a t a  s torage  i s  provided, as opposed t o  a lo s s  of approximately 23% t o  33% t o  
be expected with t h e  d i r e c t i o n a l  antenna alone.  

T r i d a Z  or Spin Stabilization 

t h a t  only very l imi ted  d i s tu rb ing  inf luences appear. 
Mars probe Mariner 4 used only 2 kg of gas f o r  a t t i t u d e  co r rec t ions  during t h e  
e n t i r e  th ree-year  dura t ion  of i t s  f l i g h t .  
vers  and course cor rec t ions  a r e  a l s o  unnecessary, s o  t h a t  i n  p r i n c i p l e  t h e  con- 
t r o l  system can be very simple.  

The con t ro l  of an in t e rp l ane ta ry  space probe i s  charac te r ized  by t h e  fact  
Thus, f o r  example, t h e  

For a s o l a r  probe, s t e e r i n g  maneu- 

Spin s t a b i l i z a t i o n  i s  genera l ly  t h e  s implest  method, and f o r  t h a t  reason 
has been used i n  many s c i e n t i f i c  s a t e l l i t e s ,  such as t h e  Pioneer probes,  f o r  
example. If we remember, though, t h a t  i n  a s p i n - s t a b i l i z e d  probe the  primary 
ax i s  w i l l  have t o  be r o t a t e d  90' a f t e r  the  burn-out of  t h e  last s t a g e ,  as w i l l  
be  requi red  by some of t he  add i t iona l  equipment, it w i l l  be seen t h a t  t h e  weight 
allowed f o r  t h e  con t ro l  system and t h e  number of subs id i a ry  components might 
w e l l  run as high f o r  a s p i n - s t a b i l i z e d  probe as f o r  a t r i a x i a l l y  s t a b i l i z e d  
probe, -- about 10 kg. Therefore ,  from the  po in t  of view of the  con t ro l  system, 
t h e r e  is  ha rd ly  any d i f f e rence  between the  two methods. Other f a c t o r s ,  such as 
t h e  thermal problem, t h e  power supply,  and da ta  t ransmission,  show a c e r t a i n  ad- 
vantage f o r  a t r i a x i a l l y  s t a b i l i z e d  probe, as can be seen from t h e  foregoing 
d i scuss ion ,  s ince  t h i s  would permit an increased flow of d a t a  (with f ixed  d i r ec -  
t i o n a l  antenna) and s impler  temperature con t ro l  through t h e  use of a hea t  
s h i e l d .  A s  far  as t h e  choice of s c i e n t i f i c  experiments i s  concerned, sp in  
s t a b i l i z a t i o n  would normally p l ace  g rea t e r  l i m i t a t i o n s  on t h e  s c i e n t i f i c  i n s t r u -  
mentation, s ince  not  a l l  t es t  devices w i l l  operate  while r o t a t i n g .  

I n  summary it may be observed t h a t  while sp in  s t a b i l i z a t i o n  may wel l  
l ead  t o  s impler  so lu t ions  f o r  e a r t h  s a t e l l i t e s ,  
vantages become more and more l imi ted  as t h e  d is tance  from t h e  sun diminishes.  
A t  0 .25  t o  0.30 AUthe l imits of t he  technica l  f e a s i b i l i t y  of a sp in - s t ab i l i zed  
system have been reached, and below 0.20 AU p r a c t i c a l l y  t h e  only usable  system 
i s  a t r i a x i a l l y  s t a b i l i z e d  system al igned on the  sun. 

f o r  a s o l a r  probe i t s  ad- 

11. Design Projects 
Various designs f o r  an in t e rp l ane ta ry  s o l a r  probe have been worked o u t / 1 1  

by t h e  f i rm  of BGlkow, both with sp in  s t a b i l i z a t i o n  and with t r i a x i a l  s t a b i l i z a -  
t i o n .  

The American Pioneer space probe may be used as a s t a r t i n g  po in t  f o r  a l l  
concepts involving sp in  s t a b i l i z a t i o n ,  even though it was designed f o r  use a t  
a d i s t ance  of 0.8 t o  1 . 2  AU from the  sun. 
a l  c r i t e r i a  must be considered, e spec ia l ly  with regard t o  thermal stress on 
t h e  s o l a r  cel ls .  The so lu t ion  chosen f o r  t h e  probe Isos 11 (Figure 7) en- 
v i s i o n s  an in su la t ed  r i n g  of s o l a r  cel ls ,  i n  which t h e  temperature i s  l imi ted  
by t h e  use of r e f l e c t o r  sur faces  and t h e  main body i s  separa ted  from t h e  

For a s o l a r  probe, however, addi t ion-  
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Figure 7. B6lkow Design o f  a Spin- 
S t a b i l i z e d  Solar Probe Isos .II A. 

S c i e n t i f i c  instrumentat ion 28 kg 
Data processing and s torage  15 kg 
D a t  a t r a n s  m i  s s ion  14 kg 
Guidance system 7 kg 

Reduction i n  s ize  and weight 

ou ter  su r f aces .  
the s o l a r  ce l l s  i s  with one sur face  a t  
90' t o  t h e  sun,  which w i l l  l o se  effect-  
iveness a t  0.45 AU from t h e  sun because 
of overheat ing,  and one su r face  a t  45" 
t o  t h e  sun which w i l l  s t i l l  produce 
enough energy i n  a c l o s e r  approach t o  
the sun because of t h e  h igher  dens i ty  of 
s o l a r  r a d i a t i o n  t h e r e .  If it is  des i r ed  
t o  t ransmi t  90 b i t s  p e r  second over a 
d is tance  of 2 AU, t he  power supply on 
board w i l l  have t o  be capable of develop- 
ing a t  least  215 watts, and t h i s  c a l l s  
f o r  a su r face  of 10 m2.  If  p a r t  of t h e  
measurement d a t a  a re  dispensed with,  a 
t ransmission range of 1.5 AU can be set  
up, which would l i m i t  t h e  demands on t h e  
on-board power supply t o  143 wat t s .  
assumption was se t  up as a b a s i s  f o r  t h e  
development of Isos 11 A. This leads t o  
a body 2.6 m i n  diameter,  1 .5  m i n  
he igh t ,  and weighing 185 kg, broken down 
as  fol lows:  

The optimal s e t t i n g  f o r  

This 

Power supply 51 kg 
Body and thermal con t ro l  53  kg 
Reserve 17 kg 

i s  poss ib l e  only with t h e  use of  a f l e x i b l e  
d i r e c t i o n a l  antenna, as provided-for t h e  design of Isos 11 B ;  i n  t h i s  case t h e  
power requirement i s  s t i l l  about 63 watts and t h e  mechanical and con t ro l  ou t l ay  
i s  increased ,  while t h e  r e l i a b i l i t y  of r a d i o  communications i s  decreased. 

Isos I C y  shown i n  a cut-away drawing i n  Figure 8 and as a model i n  Fig-  
ure  9 ,  may be  regarded a s  t h e  most promising concept f o r  a t r i a x i a l l y  s t a b i l i z e d  
s o l a r  probe. This design shows a large data- t ransmission capac i ty  provided by 
two f ixed  antennas,  and as f o r  t h e  so lu t ion  of t h e  thermal problem, t h e  use of  
t h e  hea t  s h i e l d  and t h e  conical  form i s  extremely simple.  
p ieces  o f  apparatus  are s u i t a b l y  pro tec ted  behind t h e  hea t  s h i e l d  and o f f e r  
maximum a c c e s s i b i l i t y .  
beam antenna, while t h e  zodiacal  l i g h t  instrument ,  which must be p ro tec t ed  from 
s t r a y  l i g h t ,  i s  s i t u a t e d  i n  t h e  cen te r  of t h e  probe. 

Three of  t h e  f i v e  

The magnetometer i s  s i t u a t e d  on a beam above the  fan  

The S c i e n t i f i c  Apparatus 

After Dipl.Ing. H. Rosenbauer o f  t h e  Max-Planck-Insti tut  fiir Physik und 
Astrophysik had summarized t h e  r e s u l t s  of  measurements t o  da t e  and t h e  cur ren t -  
l y  p r e v a i l i n g  t h e o r i e s  on t h e  s o l a r  wind, Dr. H. Porsche of t he  Arbeitsgemein- 
s c h a f t  fiir Weltraumforschung explained t h e  s c i e n t i f i c  ob jec t ives  s e t  f o r  t h e  
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Figure 9.  Model of t h e  T r i a x i a l l y  S t a b i l i z e d  So la r  Probe Isos I C. 

s o l a r  probe p ro jec t .  
be found i n  the  sun, i .e . ,  e s s e n t i a l l y ,  t he  wave r ad ia t ion  and corpuscular  r a d i -  
a t i o n  of t h e  sun. 
t i o n  of t h e  sun from the  s o l a r  probe would probably show nothing new. 

I n t e r e s t  i s  focused on the  phenomena whose source i s  t o  

As dis t inguished  f rom these  observat ions,  o p t i c a l  observa- 

In  the  observation o f  p a r t i c l e s  a d i s t i n c t i o n  must be made between 
charged and uncharged p a r t i c l e s ,  as w e l l  as between p a r t i c l e s  of s o l a r  o r i g i n  
and those of g a l a c t i c  o r i g i n .  
tons and heavy ions of t h e  s o l a r  wind and t h e i r  co r re l a t ion  with s o l a r  phenomena 
and with t h e  in t e rp l ane ta ry  magnetic f i e l d .  
t he  s o l a r  wind and i t s  p rope r t i e s  i n  the v i c i n i t y  of t h e  sun have not  been su f -  
f i c i e n t l y  explored, e i t h e r .  Observation of the  high-energy neutrons i s  very 
d i f f i c u l t  i n  a space vehic le ,  but  s ince  t h e  dens i ty  of neutrons t o  be expected 
even a t  t h e  per ihe l ion  of t h e  o r b i t  i s  not  very g rea t ,  f a i l u r e  t o  take  measure- 
ments of  t h e  neutrons is not  of too great  importance. On the  o the r  hand an ex- 
periment concerning micrometeorites should on no account be neglected,  s ince  
they  a r e  of e s s e n t i a l  importance i n  any descr ip t ion  of i n t e rp l ane ta ry  space.  

Of spec ia l  i n t e r e s t  i n  t h i s  respec t  a r e  the  pro- 

The condi t ions of propagation of 

In  the  USA as e a r l y  as 1963 i n  a NASA repor t  var ious experiments were 
discussed t h a t  could be ca r r i ed  out by a s o l a r  probe i n  in t e rp l ane ta ry  space,  

1 4  
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bu t  at t h a t  time no concrete  
p lans  were made t o  c a r r y  them 
out .  Further  NASA s t u d i e s  i n  
l a t e r  years  l e d  t o  t h e  proposed 
Sunblazer p r o j e c t .  The exper i -  
ments, f o r  t h e  most pa r t  suggest-  
ed by an MIT research team. may 
be reduced t o  the  twenty problems 
summarized i n  Table 1. 

The planned German-American 
s o l a r  probe i s  not  so  ambitious, 
and l i m i t s  i t s e l f  t o  t h e  follow- 
ing  f i v e  experiments: 

1. Plasma Detector t o  Mea- 
sure the Number, Energy, and 
Direction of the  Protons and 
Alpha Particles in the Solar 
Wind. 
reached as t o  t h e  choice of mea- 
surement systems. 

2 .  Magnetometer. Two mea- 
surement systems are planned f o r  
t h i s :  a) Three F6r s t e r  probes 
f o r  the  t h r e e  s t a t i c  and slowly 
va r i ab le  components of  t h e  i n t e r -  
p lane tary  magnetic f i e l d .  b)  An 
induction-pulse system f o r  sud- 
den changes i n  t h e  f i e l d  (e .g .  
impulse waves of up t o  10 k H z ) .  

g y  Particles i n  t h e  range from 
1 MeV t o  1 G e V  f o r  protons,  from -- 
4 MeV/B t o  1 GeV/N f o r  a lpha 
p a r t i c l e s ,  and from 1 t o  15 MeV 
f o r  e l ec t rons .  The planned mea- 
sur ing  instruments a r e  s c i n t i l l a -  
t i o n  counters and f i l m  counters .  

ner Zodiacal Light. 
lengths  around 3500 8 and 5000 8 
t he  i n t e n s i t y  of t h e  zodiacal 
l i g h t  and t h e  degree o f  i t s  
po la r i za t ion  a t  an angular  d i s -  
t ance  of 15" and 30" from the  
cen te r  of  t h e  sun are t o  be mea- 
sured.  

No decis ion has y e t  been 

3 .  Detector for High-Ener- 

/ 1 2  - 

4 .  Photometer for the In- 
I n  t h e  wave- 



F 

5. Micrometeorite Detector t o  r e g i s t e r  dust  p a r t i c l e s  down t o  g 
( a t  r e l a t i v e  v e l o c i t i e s  o f  10 km/s). 
t h e  chemical composition of heavy p a r t i c l e s  (m > g) are t o  be determined. 
Data are a l s o  t o  be obtained as t o  t h e  d i r ec t ion  of  t h e  p a r t i c l e  v e l o c i t y .  

The mass and energy of  a l l  p a r t i c l e s  and 

Figure 8 shows how t h e  instrumentat ion f o r  t hese  experiments i s  t o  be  
i n s t a l l e d  i n  t h e  probe Isos I C. 
above, o the r  suggestions are being discussed, such as a d e t e c t o r  f o r  middle- 
energy e l ec t rons  i n  t h e  range between 40 and 150 key, i n  which t h e  measuring 
instrument uses s c a t t e r i n g  gold f o i l s  and semiconductor de t ec to r s ,  as well as 
an impedometer t o  measure the  e l ec t ron  dens i ty  i n  the  v i c i n i t y  of  t h e  probe. 

In  addi t ion  t o  t h e  f i v e  experiments descr ibed 

A f i n a l  dec is ion  as t o  t h e  s c i e n t i f i c  instrumentat ion of  t h e  s o l a r  probe 
cannot be reached u n t i l  t h e  e n t i r e  pro jec t  i s  cleaned up i n  cooperation with 
NASA and co r re l a t ed  with American p lans  f o r  a s o l a r  probe. 

111. The Project of a Probe t o  Jupi ter  and the Asteroids 
Since both t h e  Russians and t h e  Americans have c a r r i e d  out successfu l  - /13 

f l i g h t s  t o  Mars and t o  Venus, it can be expected t h a t  sooner o r  l a te r  f l i g h t s  
t o  J u p i t e r ,  too,  w i l l  be  r e a l i z e d .  
on an equal  b a s i s  with t h e  o the r  nat ions i n t e r e s t e d  i n  space f l igh t  on a major 
p r o j e c t  i n  t h e  course o f  development. 
f o r  a J u p i t e r  f l i g h t  is only i n  t h e  planning s t age ;  while p r o j e c t s  are being 
worked on i n  America f o r  an "Advanced PZanetary Probe" and a "Galactic Probe," 
i n  Germany the  firms of Erno-Raumfahrttechnik GmbH and B6lkow have already car- 
r i e d  out design s t u d i e s  f o r  a J u p i t e r  probe, which w i l l  be discussed i n  b r i e f  
below. 

as g r e a t  as t h e  mass of a l l  t h e  o the r  p lane ts  taken toge ther .  
shows a number of p e c u l i a r i t i e s  whose s c i e n t i f i c  i nves t iga t ion  would c e r t a i n l y  
be  g r e a t l y  s impl i f ied  by a space f l igh t  mission. 
important da t a  known about J u p i t e r  a r e  l i s t e d  and compared with t h e  correspond- 
ing  d a t a  f o r  t h e  e a r t h .  

This o f f e r s  Europe the  chance t o  cooperate 

In America j u s t  as i n  Europe t h e  p r o j e c t  

J u p i t e r  i s  t h e  l a r g e s t  p l ane t  i n  t h e  s o l a r  system, and i t s  mass i s  twice 
Besides t h a t ,  it 

In  Table 2 some of  t h e  most 

The s c i e n t i f i c  value of a J u p i t e r  mission, however, i s  not  l imi ted  t o  
t h e  explora t ion  of t h e  p l ane t  i t s e l f ;  many o t h e r  s c i e n t i f i c  research t a sks  could 
be c a r r i e d  out  with t h e  J u p i t e r  probe. 
could be  expanded by car ry ing  out  a study of t h e  in t e rp l ane ta ry  plasma a t  a 
g r e a t e r  d i s t ance  from t h e  sun. During t h e  f l i g h t  through t h e  a s t e r o i d  b e l t  
( see  Figure 1) t h e  composition of c e r t a i n  of t h e  la rge  a s t e r o i d s  could be de- 
termined as well as t h e  micropar t ic le  d i s t r i b u t i o n  e x i s t i n g  within t h e  b e l t .  
Fu r the r  u se fu l  s c i e n t i f i c  research p ro jec t s  suggest 1 themselves i n  r e l a t i o n  t o  
t h e  twelve moons of J u p i t e r ,  about whose composition and o r i g i n  as y e t  only 
hypo the t i ca l  arguments e x i s t ,  whi le  exact knowledge about them could be of 
g r e a t  importance t o  t h e  cosmology o f  the s o l a r  system. 

For one th ing ,  t he  s o l a r  probe mission 

17 



Table 2 .  Comparison o f  Some Characteristic Data Pertaining t o  Jupiter and Earth 
~~ ~~~~~~~ ~~~ 

J u p i t e r  Earth 

Mean Distance from t h e  Sun 5.20 AU 1.00 AU 

Period of  Revolution 11.86 years  1 .00 years  

Mean O r b i t a l  Veloci ty  13.06 km/h 29.80 km/h 

Diameter a t  t h e  Equator 142,700 km 12,756 km 

Oblateness 

Mass 

0.062 0.003 

1.9 x 103O 6.0 x 1027 
Density 1.334 g/cm3 5.52 g/cm 3 

Accelerat ion Due t o  Gravity 26.0 m / s 2  9.81 m / s 2  

Escape Veloci ty  61.0 km/s 11.2 km/s 

Mean Temperature %140 O K  300 . O K  

Magnetic F i e l d  S t rength  at 
t h e  Equator %J 10 gauss 0.31 gauss 

Model o f  a J u p i t e r  Probe 

Quite d i f f e r e n t  c r i t e r i a  must be considered i n  the  design of a J u p i t e r  
probe from those f o r  a s o l a r  probe. 
s i d e r a t i o n s  i n  a J u p i t e r  Probe," D r .  H.  To l l e  of Erno-Raumfahrttechnik, Bremen, 
d e a l t  s p e c i f i c a l l y  with the  problems involved i n  communications, power supply, 
determinat ion and maintenance of  a t t i t u d e ,  and hea t  economy. 

In h i s  r epor t  "Spaceflight Engineering Con- 

Communications 

t h a t  t h e  probe, while it i s  passing J u p i t e r ,  w i l l  be about 700 mi l l i on  km from 
t h e  e a r t h ,  t h a t  i s  about f i v e  times as far from the  e a r t h  as t h e  e a r t h  i s  from 
t h e  sun, and t h i s  means t h a t  with t h e  frequencies  normally used i n  in te rp lane-  
t a r y  space f l i g h t s ,  f ree-space damping o f  t he  s i g n a l  w i l l  reach almost 280 db. 
In  o rde r  t o  keep the  t r ansmi t t i ng  capaci ty  required on board t h e  probe within 
manageable l i m i t s ,  t he  telemetric contact between the  e a r t h  and t h e  probe w i l l  
have t o  emanate from la rge  on-board and ground antennae. For recept ion  on t h e  
ground t h e  American DSIF system, whose s tandard antennae are 25 meters i n  d ia -  
meter, w i l l  be  ava i l ab le ,  and f o r  s p e c i a l  purposes some 63-meter antennae may 
a l s o  be  used. The on-board antennae cannot exceed 2.5 meters i f  they  cannot 
be  fo lded  and if carr ier  rocke ts  of 3.05 meter diameter (Blue Streak, Atlas- 
Centaur) are t o  be used. With a transmission dens i ty  of  100 b i t / s ,  under o p t i -  
mal condi t ions  (2.5 m on-board antenna and 6 3  m ground antenna) a t r ansmi t t i ng  
capac i ty  o f  33 watts w i l l  be required;  i f  only t h e  25 m antenna of  t h e  DSIF are 
a v a i l a b l e ,  o r  i f  0 .8  m on-board antennae a r e  used, t h e  energy requirements jump 
t o  t e n  times t h a t .  
t h e  corresponding t r ansmi t t i ng  capaci ty  of  t h e  Mariner probes reached a maximum 
of  10 watts. 

18 

With regard t o  the  communication o f  information it must be remembered 

J u s t  f o r  comparison purposes, it should be noted here  t h a t  



Power Supp ly  

w i l l  have a power requirement of 130 wat ts .  
s c i e n t i f i c  apparatus a re  ca l cu la t ed  a t  1 watt pe r  kg, an add i t iona l  power re-  
quirement of 100 w w i l l  have t o  be s a t i s f i e d  f o r  t h e  pro jec ted  instrumentat ion.  
Thus t h e  t o t a l  power supply can be planned f o r  200 t o  300 wat t s ,  a peak capac i ty  
of 50% above t h e  continuous power output being assumed. 

For a t r ansmi t t i ng  capac i ty  of  33 wat t s ,  t h e  e n t i r e  communications u n i t  
I f  t he  power requirements f o r  t h e  

Weight of Power- 
Supply Plant  

6000 [kp] F' I I t t t 1 I 

f u e l  cell rl = 50% 
f u e l  c e l l  ;1 = 60% 

850 days use fu l  l i f e  
850 days use fu l  l i f e  

t h i n  p l a t e  c e l l  i n  bal loon form 

10  ampere SNAP r eac to r  i n c l .  sh i e ld ing  

s o l a r  c e l l  n t o t  = 7.2% 
s o l a r  c e l l  q t o t  = 10% 

i so tope  b a t t e r y  with thermoelectr ic  

i so tope  b a t t e r y  with thermionic conver- 

conversion 

s ion  

F5gure 10 .  Weight Comparison of  Various Power-Supply Units f o r  a J u p i t e r  Probe 
i n  the  Capacity Range Between 200 and 400 Watts. 

Figure 10 shows a comparison of t h e  weights of  var ious  power p l a n t s ,  
with t h e  sh i e ld ing  requirements f o r  the  nuc lea r  power p l a n t s  included.  
t h i s  it can be  seen t h a t  i so tope  b a t t e r i e s ,  which w i l l  use s t ront iumg0 as t h e  
working i so tope ,  show by f a r  t h e  b e s t  power/weight r a t i o .  Thei r  s u p e r i o r i t y  t o  
s o l a r  cel ls  f o r  t h i s  mission stems from t he  fact  t h a t  t o  produce t h e  same amount 
of power about 25 times as la rge  a sur face  i s  requi red  i n  t h e  v i c i n i t y  of Jup i -  
t e r  as i n  the  v i c i n i t y  of t he  ea r th .  
by cons ider ing  t h e  r ad ia t ion  inf luences,  p r o t e c t i v e  f i l t e r s ,  and incomplete 
packing o f  t h e  s o l a r  cel ls ;  an optimal €eduction i n  these  d i s tu rb ing  inf luences  
should permit  10% e f f i c i ency  f o r  t he  solar ce l l s  cu r ren t ly  i n  use.  A major i m -  
provement over the  cur ren t  r a t i o s  could only be brought about,  however, by the  
t e c h n i c a l  r e a l i z a t i o n  of t h e  solar  c e l l s  now under development, which promise 
a power/weight r a t i o  f i v e  times b e t t e r  than those cu r ren t ly  i n  use.  Should 
t h i s  breakthrough a c t u a l l y  take  p l ace  in  t h e  next  few years ,  t h e  disadvantages 
o f  i so tope  b a t t e r i e s ,  whose r a d i a t i o n  could f a l s i f y  t h e  r e s u l t s  of t h e  s c i e n t i -  
f i c  ins t ruments ,  could be got round by the  use of s o l a r  c e l l s .  

From 

The 7 . 2 %  degree of  e f f i c i e n c y  i s  der ived 
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Heat Economy 
Since the  la rge  on-board antenna should always be aimed a t  the  e a r t h  f o r  

bes t  transmission of  information, it i s  planned t o  s e t  t he  antenna i n  a f ixed  
i n s t a l l a t i o n  i n  the  probe and t o  s t a b i l i z e  the  r o l l  a x i s ,  i . e .  t he  primary ax i s  
of  a c y l i n d r i c a l  probe, i n  t h e  d i rec t ion  of  t h e  e a r t h .  
p lans ,  s t a b i l i z a t i o n  of  t he  probe is t o  be ensured by a s p e c i a l  in te r fe rometer  
system. 

According t o  cur ren t  

-. -. - aimed toward t h e  e a r t h  
----+ aimed toward J u p i t e r  
___f aimed toward the  sun 

Figure 11. Transfer  Orbi t  of a Jupi- 
t e r  Probe w i t h  a F l igh t  Time of  
about 28 Months. The Different  
Arrows Ind ica t e  t h e  Direct ion a t  a 
Given T i m e  t o  t h e  Ear th ,  t h e  Sun, 
and J u p i t e r  . 

I f  we consider  the path taken by 
a J u p i t e r  probe from i t s  launching up t o  
t h e  J u p i t e r  f ly-by (Figure l l ) ,  we see  
t h a t  t h e  angle of r ad ia t ion  0 of  t h e  sun, 
a f t e r  s t a r t i n g  a t  a value of -goo,  
o s c i l l a t e s  a t  ever  smaller amplitudes 
about 0' (Figure 12) .  According t o  the  
planned form of the  J u p i t e r  probe (Fig- 
ure  13) ,  t he  c y l i n d r i c a l  por t ion ,  which 
i s  very well  i n su la t ed ,  i s  only i r r a d i -  
a t ed  at a very grea t  angle of incidence,  
while f o r  values of 0 < +25' p r a c t i c a l l y  
a l l  the  sunl ight  f a l l s  on the  antenna. 
This means t h a t  a f t e r  only a t en th  of 
t he  t o t a l  durat ion of the  f l i g h t ,  when 
the  d is tance  from the  probe j u s t  exceeds 
1 AU, t h e  warming of  t he  probe by the  
sun 's  r ad ia t ion  w i l l  always be brought 
about by the  i r r a d i a t i o n  of the  antenna 
by the  sun. I t  i s  therefore  j u s t i f e d  
t o  reduce the  f irst  approximation of t h e  
heat  economy t o  t h e  foJlowing two ex- 
treme cases:  

Maximal temperature: axial  s o l a r  
r a d i a t i o n  on t h e  antenna i n  the  v i c i n i t y  
of  t h e  ea r th .  

Minimal temperature: a x i a l  s o l a r  
r a d i a t i o n  on the antenna i n  t h e  v i c i n i t y  
of J u p i t e r .  

Calculat ions show t h a t  the  temperature of the  probe can be kept i n  the  I 

range between -15'C and +4SoC, i f  the  va r i a t ions  i n  s o l a r  r ad ia t ion  are compen- 
s a t e d  f o r  by s u i t a b l y  arranged flaps and i f  the  probe i t s e l f  i s  in su la t ed  on 
the  s i d e  facing away from the  sun by layers  of mylar. The thermal problems can 
thus be solved by semipassive means. 

The Planned Jupiter Probe 

presented  i n  Figure 13. 
load of  100 kg and w i l l  have a t o t a l  weight of 490 kg. 
t h e  probe, housing the  e l e c t r o n i c  and s c i e n t i f i c  apparatus,  has on the  s i d e  

One of t he  first designs f o r  the  J u p i t e r  probe planned i n  Germany i s  r e -  

The cy l ind r i ca l  body of 
This space vehicle  was designed f o r  a s c i e n t i f i c  pay- 
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Figure 12 .  Angle Angle of  Incidence of So la r  Radiation t o  t h e  Axis o f  t h e  Probe. 
A t  Launching f r o m t h e  Earth This Angle i s  90"; Later it O s c i l l a t e s  with a Fre- 
quency of  Somewhat More Than One Earth Year Around t h e  Zero Axis. 

Figure 13. Erno Sketch of  a J u p i t e r  Probe. 
i s  Designed f o r  a Payload of  About 100 kg. 

With a To ta l  Weight of 490 kg, it 
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fac ing  the  e a r t h  a l a rge ,  f ixed ,  parabol ic  antenna, and on the  opposi te  s i d e ,  
on a frame a t  a d is tance  of  2 . 2  m from the  main body o f  t h e  probe, t he  i so tope  
b a t t e r y  f o r  power supply. 
cen te r  of g rav i ty  of t h e  probe, a r e  the  conta iners  f a r  mid-course cor rec t ions ,  
and the  course cor rec t ion  engines a r e  a l s o  s i t u a t e d  here .  
t he  compressed gas j e t s  f o r  a t t i t u d e  cor rec t ions  are s i t u a t e d  so  t h a t  they  w i l l  
have the  g r e a t e s t  poss ib le  mechanical advantage. 
f o r  an energy-conserving o r b i t  with a f l i g h t  dura t ion  of about 850 days ( u n t i l  
J u p i t e r  i s  reached),  i n  which on t h e  one hand t h e  e a r t h  w i l l  be as c lose  as 
poss ib l e  t o  t h e  probe a t  t h e  time of  the J u p i t e r  f ly-by,  while on t h e  o the r  
hand t h e  e a r t h  w i l l  no t  be d i r e c t l y  i n  l i n e  with t h e  sun, which would d i s t u r b  
communications between t h e  e a r t h  and the probe. 
a l l y  i n  Figure 11. 

The spheres  i n  the  cen te r ,  which l i e  a t  about t h e  

On t h e  o t h e r  hand, 

The probe has  been planned 

This o r b i t  i s  shown schematic- - 
8 

Scientific Tasks o f  a Jupiter Mission 

gy of  t h e  Technische Hochschule Braunschweig, repor ted  on t h i s  theme. 
e n t i f i c  experiments o f  a J u p i t e r  mission a r e  o f  ex t raord inary  i n t e r e s t  t o  re- 
search because J u p i t e r ,  a f t e r  Mars, i s  t h e  p lane t  f o r  which we have the  most 
extensive p r i o r  observat ions.  The i n t e r e s t  which has been shown i n  J u p i t e r  pre-  
v ious ly  i s  l a rge ly  due t o  t h e  fact  t h a t  J u p i t e r  i s  t h e  b e s t  of  t h e  g i a n t  p l ane t s  
J u p i t e r ,  Saturn,  Uranus, and Neptune f o r  observat ion.  Besides t h i s ,  t h e  ob- 
s e rva t ions  of r ad io  probes i n  the  decameter and decimeter ranges have made t h i s  

which could be  c a r r i e d  out on a J u p i t e r  mission can be roughly c l a s s i f i e d  i n  the  
following four  ca tegor ies :  

Dipl.Phys. F.M. Neubauer, of t h e  I n s t i t u t e  f o r  Geophysics and Meteorolo- 
The s c i -  

. p lane t  one of t he  most i n t e r e s t i n g  objec ts  i n  the  s o l a r  system. The experiments 

Magnetic f i e l d ,  magnetosphere, and ionosphere, 

Ambient atmosphere, 

P lane tary  i n t e r i o r ,  and 

Moons and small bodies i n  the  v i c i n i t y  of J u p i t e r  

Only t h e  f irst  two of t hese  w i l l  be  explored below. 

Radio Waves and the Magnetic Field  
J u p i t e r  i s  t h e  only p l ane t  besides t h e  e a r t h  f o r  which it has been pos- 

s i b l e  t o  demonstrate t h e  ex is tence  of  a r a d i a t i o n  b e l t  and o f  a magnetic f i e l d  
brought about by i n t e r a c t i o n  with t h e  s o l a r  wind. 
t h e s e  phenomena has been obtained from observat ions and measurement of  t h e  rad io  
waves i n  t h e  decameter and decimeter ranges. 
tween 6 c m  and 100 c m  i s  nea r ly  independent of  wavelength and i s  l i n e a r l y  
po la r i zed  t o  about 30%, t h e  decameter r ad ia t ion  below 43 MHz reaches a peak a t  
18 MHz and i s  in t e r rup ted  f o r  minutes o r  hours by r ad io  storms which are them- 
s e l v e s  t h e  r e s u l t s  o f  ou tburs t s  which l a s t  from f r a c t i o n s  o f  a second t o  some 
minutes.  
d ipo le  moment of  5 x 1030 gauss/cm3, which forms an angle  of  10" with t h e  ax is  
o f  r o t a t i o n .  That would produce a magnetosphere with a magnetopausal d i s t ance  

Our present  knowledge of 

While t h e  decimeter r a d i a t i o n  be- 

According t o  cu r ren t  t heo r i e s  t h e  magnetic f i e l d  o f  J u p i t e r  has  a 
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Figure 1 4 .  J u p i t e r  and i t s  Satel- 
l i t e s .  O f  t h e  Twelve Moons o f  
J u p i t e r  Only the Four Largest  
( C a l l i s t o ,  Ganymede, Europa, and 
Amalthea) are Shown. Because o f  t h e  
Magnetic F i e l d  Demonstrated f o r  
J u p i t e r ,  an Impulse Wave Forms i n  
t h e  So la r  Wind as i n  the  Case of 
the Earth;  the Minimal Distance 
of  t he  Magnetopause at t h e  Sub- 
solar Poin t  from t h e  Surface of  
t he  P lane t  i s  Current ly  Believed 
t o  be About 50 J u p i t e r  Radi i .  

a t  t he  subsolar  p o i n t  of 50 r a d i i  of 
J u p i t e r  (Rj = 71,350 km) , as i s  shown 
i n  Figure 14. Within 3 . 5  RJ of  t h e  ten- 
t e r  of J u p i t e r  t he re  is  a r a d i a t i o n  b e l t  
containing r e l a t i v i s t i c  e l ec t rons  with 
energies  of  t h e  order  of magnitude of 
s eve ra l  MeV. The ionosphere shows an 
e l e c t r o n  concentrat ion of between l o 5  
and l o 6  p e r  cm3. 

The p i c t u r e  o f  t h e  v i c i n i t y  of 
J u p i t e r  sketched here  is s t i l l  r a t h e r  
uncer ta in ,  though. A more exact  know- 
ledge of t h e  magnetosphere of J u p i t e r  
might, i n  comparison with t h e  e a r t h ' s  
magnetosphere, y i e l d  va luable  keys t o  
var ious  as ye t  unknown mechanisms of 
t h e  magnetic f i e l d  of our own p l a n e t .  
In addi t ion  a b e t t e r  understanding of 
decameter r ad ia t ion  and i t s  r e l a t i o n -  
s h i p  t o  s o l a r  a c t i v i t y  might make Jupi -  
t e r  i n t o  a permanent space probe pro- 
v id ing  us with information about t h e  
in t e rp l ane ta ry  plasma. 

For t h i s  reason a J u p i t e r  mission 
(o r  even b e t t e r ,  a s e r i e s  of consecu- 
t i v e  missions) should c a r r y  instrumen- 
t a t i o n  f o r  measuring t h e  magnetic f i e l d  
wi th in  t h e  magnetopause t o  j u s t  above 
the  su r face  of the  p l ane t ,  though t h i s  
can be done only i n  t h e  most rudimenta- 
r y  way with a f ly-by probe; a substan-  
t i a l l y  b e t t e r  determinat ion could be 
made by an o r b i t e r  of high i n c l i n a t i o n  
and with a very l imi t ed  pe r igea l  a l t i -  
tude and a predetermined e c c e n t r i c i t y ,  
with which a good s p a t i a l  coverage 

could be ensured. 
s p e c t r a  of e l e c t r o n s  between 10 kev and 50  Mev i n  a l t i t u d e s  below 3 . 5  RJ. 
a l t i t u d e  p r o f i l e  of t h e  thermal plasma is of i n t e r e s t  f o r  an understanding of 
t h e  decameter r ad ia t ion ;  i n  addi t ion ,  i n d i r e c t  i nd ica t ions  may be obtained con- 
cern ing  photodissoc ia t ion  and photoionizat ion processes  and concerning t h e  
s t r u c t u r e  of t h e  n e u t r a l  gas content a t  ionospheric  a l t i t u d e s .  

A f u r t h e r  t a sk  cons i s t s  i n  the  measurement of t h e  energy 
The 

T'he A t m o s p h e r e  of J u p i t e r  

d i s t r i b u t i o n  of t h e  n e u t r a l  atmosphere, t h e  chemical composition of t h e  trace 
subs tances ,  and consequently a l l  questions posed i n  connection with t h e  poss i -  
b i l i t y  of t h e  ex is tence  of l i v i n g  organisms on J u p i t e r .  The general  c i r c u l a -  

This  cyc le  of problems includes t h e  determination of t h e  temperature 
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, 

t i o n  of t h e  atmosphere of J u p i t e r  is  a l so  of  t he  g r e a t e s t  i n t e r e s t ,  p a r t i c u l a r -  
l y  t o  t h e  atmospheric p h y s i c i s t .  

Opt ical  observations of J u p i t e r  show bands and s t r i p e s  p a r a l l e l  t o  t h e  
equator ,  which belong t o  t h e  various layers  of t h e  atmosphere (Figure 15) .  The 
var ious zones r o t a t e  a t  speeds dependent on t h e i r  width and show various co lo r s  
i n  photographs; o f t en  more o r  less long- las t ing  spo t s  and s t r u c t u r e s  show up. 
The most s t r i k i n g  d e t a i l  of J u p i t e r  i s  t h e  Great Red Spot ,  which has been ob- 
served continuously f o r  150 years 

f-- 

Figure 1 5 .  Bands and S t r i p e s  of 
J u p i t e r  as They C a n  B e  Observed 
i n  t he  Op t i ca l  Wavelength Range 
from the  Ear th .  A Charac te r i s t -  
i c  Feature  of J u p i t e r  i s  the 
"Great Red Spot," Which Has an 
Extent of  Some Hundreds o f  M i l -  
l i o n s  of  Square Kilometers.  

and extends over an a r e a  of 13,000 x 40,000 km. 

Cosmogonical cons idera t ions  as wel l  
as t h e o r e t i c a l  analyses  of t h e  escape 
v e l o c i t i e s  of t h e  gases i n  quest ion lead 
t o  t h e  b e l i e f  t h a t  t he  major components of 
J u p i t e r ' s  atmosphere a re  helium and molecu- 
l a r  hydrogen. 
an order  of magnitude as t o  t h e  ,amount of  
hydrogen. Therefore determinat ion of  t h e  
v e r t i c a l  d i s t r i b u t i o n  of hydrogen and h e l i -  
um may be regarded as  t h e  most important 
problem concerning the  n e u t r a l  atmosphere. 
The primary experiment being considered f o r  
t h i s  purpose dea ls  with t h e  degree of  over- 
ca s t ,  and w i l l  produce a v e r t i c a l  p r o f i l e  
of t h e  r e f r a c t i v e  power of t h e  atmosphere. 
To determine the  hydrogen content  spec t ro-  
scopic  measurements a r e  necessary t h a t  
w i l l  provide exact  d a t a  on the  molecular 
bands of hydrogen a t  8,150 &. 
other  methods must be used, s i n c e  i n  the  
l o w e r  atmosphere it absorbs only UV r a d i -  * 

a t ions .  

' 

Opinions d i f f e r  almost by 

For helium 

An important mat te r  i n  connection 
with t h e  s t r u c t u r a l  composition of t h e  a t -  
mosphere i s  i t s  energy economy, i n  which 

the  p o r t i o n  of t he  energy flow stemming from t h e  i n t e r i o r  and from t h e  su r face  
of t h e  p l a n e t  represents  an as y e t  unknown value.  
t h e  i n f r a r e d  spectrum must be determined f o r  a l l  wavelengths a t  moderate d i s -  
pe r s ion .  
t h e  incoming r a d i a t i o n  with the  outgoing r a d i a t i o n .  The atmospheric dynamics 
are a l s o  c lose ly  r e l a t e d  t o  the  energy economy, and add i t iona l  t e l e v i s i o n  p i c -  
t u r e s  i n  t h e  i n f r a r e d  and o p t i c a l  domains with crude r e so lu t ion  a r e  planned t o  
determine them. 
Trace substances can be  determined by spec t roanalys is  i n  t h e  long wavelengths. 
On t h e  n igh t s ide  measurements of poss ib le  p o l a r  l i g h t  and nightsky l i g h t  a r e  
u s e f u l .  
could be used, bu t  i n t e r f e rence  by t h e  decimeter r a d i a t i o n  would then have t o  
be taken i n t o  account. 

In order  t o  measure t h i s ,  

The energy flow from the  i n t e r i o r  can then  be deduced by comparing 

The cloud and vapor p rope r t i e s  r equ i r e  polar ized  measurements. 

For s tudy  of t h e  atmosphere below t h e  clouds t h e  microwave domain 

The use of an instrument capsule i s  a l s o  planned f o r  some l a t e r  da t e ,  
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which would be s e n t  down through t h e  atmosphere o f  J u p i t e r  by some s u i t a b l e  
means and could ca r ry  out a la rge  p a r t  of t he  measurements l i s t e d  above q u i t e  
simply. 

Sc ien t i f ic  Experiments i n  the Asteroid Belt 

take t o  ca r ry  out  measurements during the i n t e r p l a n e t a r y  f l i g h t  on t h e  way t o  
i t s  t a r g e t ,  i n  order  t o  provide t h e  optimal s c i e n t i f i c  y i e l d  and c e r t a i n t y  of 
success .  Therefore on a f l i g h t  t o  J u p i t e r  t h e  explora t ion  o f  t he  a s t e r o i d  b e l t  
lying between Mars and J u p i t e r  (see Figure 1) w i l l  c e r t a i n l y  be  given a g r e a t  
dea l  of  a t t e n t i o n .  

Any p lane tary  space probe, and the re fo re  any J u p i t e r  mission, w i l l  under- 

The a s t e ro ids  occupy a s p e c i a l  place among t h e  bodies of  t h e  s o l a r  sys-  
They range from the  s ize  of  an average p l ane ta ry  moon t o  t h e  diameter of  tem. 

a f l eck  of  dus t ,  and t h e i r  o r b i t s  l i e  f o r  t h e  most p a r t  i n  an area of  space 
where, according t o  cosmogonical and s t a t i s t i c a l  s t u d i e s ,  t h e r e  should be 
another  l a rge  p l a n e t .  Whether t h e  formation o f  t h i s  p l ane t  was prevented by t h e  
inf luence  of neighboring J u p i t e r  o r  whether an a l ready  e x i s t i n g  heavenly body 
d i s i n t e g r a t e d  i n t o  a l a rge  number of  smaller bodies remains as unexplained today 
as t h e  evident  r e l a t i o n s h i p  between the a s t e r o i d s  on t h e  one hand and t h e  comets, 
meteor swarms, and o t h e r  small bodies on t h e  o t h e r  hand. Besides t h e  s c i e n t i f -  
i c  importance o f  explora t ion  of t he  spec ia l  r 6 l e  of  t he  a s t e ro ids  i n  t h e  harmony 
of  t h e  s o l a r  system, an exact  knowledge o f  t he  meteor i te  dens i ty  t o  be expected 
between Mars and J u p i t e r  i s  of  g rea t  importance t o  t h e  planning of  s p a c e f l i g h t  
missions t o  t h e  ou te r  p l ane t s .  

In  h i s  d i scuss ion  of t h e  "Mission P r o f i l e  f o r  an Asteroid Probe," Wolf- 
gang Kokott of  t h e  f i r m  of BZjlkow GmbH f i rs t  gave a r6sum6 of t he  present  s t a t e  
of our knowledge o f  t h e  a s t e ro ids ,  and proceeded from t h e r e  t o  t h e  s c i e n t i f i c  
experiments which could be c a r r i e d  out  with an a s t e r o i d  probe. 
t h r e e  types  of  mission are poss ib le :  

Bas ica l ly ,  

A. Fly-through mission through the a s t e r o i d  b e l t ,  

B. Fly-by of  one o r  more o f  t h e  major a s t e r o i d s ,  and 

C .  Landing on one of t he  major a s t e ro ids .  

For a l l  t h ree  types of  mission the following s t u d i e s  a r e  of  general  
i n t e r e s t :  

I .  Determination of t h e  d i s t r i b u t i o n  o f  t h e  a s t e r o i d s  according t o  s i z e ,  
weight,  number, o r b i t a l  elements,  he l iocen t r i c  d i s t ance ,  length,  and width; 
formulation of groupings through the  determination of  t h e  mass and v e l o c i t y  
vec to r s  o f  a s ta t i s t ica l  sampling of ob jec ts .  

11. Study o f  t h e  form, surface s t r u c t u r e ,  i n t e r i o r  s t r u c t u r e ,  and t h e r -  
mal and e l e c t r i c  p r o p e r t i e s  of  t h e  a s t e ro ids .  

111. Study of t he  chemical, magnetic, mineralogical ,  and nuc lear  chemi- 
cal  p r o p e r t i e s  of t h e  a s t e ro ids .  
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For missions of types B o r  C ,  which have s p e c i f i c  major a s t e r i o d s  as 

t h e i r  t a r g e t s ,  i n  add i t ion  t o  I1 and I11 t h e  following s t u d i e s  a l s o  apply: 

I V .  Determination o f  t h e  s i z e ,  mass, dens i ty ,  composition, and 

per iod  of r o t a t i o n  o f  t he  t a r g e t  a s t e ro id ( s )  by o p t i c a l ,  r ada r ,  and ce les t ia l  

mechanical methods, 

V.  Determination of  t he  values  l i s t e d  above i n  I I  and I1 through 

d i r e c t  observat ion,  and of  r o t a t i o n  and i n e r t i a l  p rope r t i e s  by the  methods 

of  sphe r i ca l  astronomy (C) . 

V I .  Carrying out the  s tud ie s  i n  I above (type C) from the  su r face  o f  

t h e  a s t e r o i d ,  e spec ia l ly  when t h e  a s t e r o i d  i n  quest ion has s u f f i c i e n t  eccent- 

r i c i t y  o f  o r b i t  t o  permit t he  explorat ion of  a s u f f i c i e n t l y  l a rge  por t ion  o f  

t h e  a s t e r o i d  b e l t .  In  a l l  cases are t o  be considered t h e  s tandard  measure- 

ments of  magnetic f i e l d s  and i n t e r s t e l l a r  plasma, which can a t t a i n  

except iona l  s ign i f i cance  i n  the  a s t e ro id  b e l t  because o f  the  poss ib l e  

in f luences  o f  t h e  material t he re  on in t e rp l ane ta ry  phenomena. 

The tasks b r i e f l y  presented here  and t h e i r  in t roduct ion  i n  t h e i r  

e n t i r e t y  could be dec i s ive  f o r  c l a r i fy ing  the  following e s s e n t i a l  problems: 

a )  Age, o r i g i n  and development o f  t he  a s t e r o i d s ;  

b) Similar  o r  d i f f e r e n t  o r i g i n  o f  t h e  small bodies i n  t h e  s o l a r  

system (a s t e ro ids ,  small s a t e l l i t e s ,  comets, dus t ,  e t c . ) ;  

c)  Decision on the  various comet theo r i e s  and c l a r i f i c a t i o n  o f  

t h e  o r i g i n  o f  var ious kinds of  meteori tes ;  

d) Cosmogomy o f  t h e  s o l a r  system, e spec ia l ly  t h e  d i s t r i b u t i o n  

o f  t h e  chemical elements.  
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Proposed Timetable 

Table 111 shows a poss ib l e  t imetable  f o r  explora t ion  o f  t h e  a s t e r o i d  

b e l t  and J u p i t e r  by means of space probes. 

a s t e r o i d  probes would proceed i n  a log ica l  o rde r  according t o  the  degree o f  

technological  d i f f i c u l t y  a t  t he  time of t h e i r  accomplishment and t h a t  they 

and t h e  pro jec ted  J u p i t e r  missions would b e  mutually complementary. 

t imetable  shown seems p a r t i c u l a r l y  sens ib l e ,  s i n c e  i n  any case o f  b a s i c  

minimum o f  s c i e n t i f i c  knowledge concerning the  a s t e r o i d  b e l t  w i l l  be t h e  

b a s i s  of a l l  space f l igh t  missions beyond Mars. Since,  moreover, t he  a s t e r o i d  

b e l t  poses many problems o f  the h ighes t  s c i e n t i f i c  i n t e r e s t ,  p a r t i c u l a r l y  

i n  the  cosmogony and general  physics  of t h e  s o l a r  system, it seems expedient 

t h a t  t he  time-point X f o r  t he  first a s t e ro id  mission not  be s e t  too la te ;  t h e  

ear l ies t  launching da te  f o r  t h i s  program could be i n  t h e  beginning o f  t he  

seven t i e s .  

s i d e r a t i o n s  not  d e a l t  with here ,  and p a r t i c u l a r l y  on space f l igh t  p r o j e c t s  no t  

c o r r e l a t e d  with t h e  o u t e r  s o l a r  system, 

I t  has been assumed t h a t  the  

The 

The exact  planning depends, o f  course,  on general  economic con- 

Table III. Timetable for  Asteroid Missions and Jupiter Missions. 

Year Asteroid Missions Jupiter Missions 

X F a s t  f ly-through ( Jup i t e r  t r a n s f e r  o r b i t )  

x +  3 J u p i t e r  probe (fly-by) 

X + 5 Slow f ly- through,  perhaps with f l i g h t  
p a s t  one of  t h e  l a r g e r  a s t e ro ids  

x +  7 

X + 10 Landing on one o f  t h e  l a r g e r  
a s t e ro ids  

J u p i t e r  probe with sec- 
ondary missions 

Landing on one o f  t he  
moons o f  J u p i t e r  

I n  general ,  i n  f u t u r e  plans f o r  space probes care  should be taken t h a t  

t h e  first missions i n  each case not  only y i e l d  r e s u l t s  o f  general  s c i e n t i f i c  
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value,  
bu t  a l s o  produce measurements t h a t  s implify the  optimal planning of l a t e r  p r o j  - 
e c t s .  Over and above the  s p e c i a l  a s t e ro id  missions planned, conventional 
meteori te  counters as well  as devices fo r  recording microasteroids  o p t i c a l l y  
and by r ada r  w i l l  become standard equipment f o r  f u t u r e  probes beyond the  o r b i t  
of  Mars. This cannot, however, completely rep lace  a systematic  explorat ion of 
the  a s t e r o i d  b e l t  by missions s p e c i f i c a l l y  planned f o r  t h a t  purpose from the  be- 
ginning, a t  l e a s t  f o r  t h e  next two decades. 

IV. Use o f  t he  Swing-By Technique f o r  I n te rp lane ta ry  Missions 

t a t i o n a l  forces  of  heavenly bodies t o  change the  course of passing ar t i f ic ia l  
space f l igh t  devices.  In t h e  American l i t e r a t u r e  t h e  terms "gravi ty  term," 
"gravi ty  assist , I 1  and "gravi ty  def lect ion" a l s o  appear f o r  t h i s  procedure. 

The swing-by technique means, i n  genera l ,  t he  planned use of the  grav i -  

While the  work presented by Dipl.Ing. 0. Bschorr and Dipl.Ing. A.  SeiboSd 
thoroughly discussed the  capture and ca tapul t  c a p a c i t i e s  of p l ane t  moon systems 
and genera l ly  s tud ied  the  e f fec t iveness  of  f ly-by maneuvers p a s t  p lane tary  moons, 
t he  l e c t u r e  by Dipl.Ing. W.  MGller on "The Importance of  t he  Swing-By Technique 
a t  the  Planet  J u p i t e r  f o r  In te rp lane tary  Missions" presented a summary of seve- 
ra l  publ ica t ions  from German and American sources i n  which many cases had been 
ca l cu la t ed  f o r  p r a c t i c a l  app l i ca t ions .  

Several  cases a r e  known t o  science i n  which t h e  o r b i t s  of  comets have 
been changed g r e a t l y  by the  g rav i t a t iona l  f i e l d  of a l a rge  p l a n e t .  
a l  fo rce  can have e i t h e r  an acce lera t ing  e f f e c t ,  i n  which case t h e  body i n  ques- 
t i o n  is  dr iven  i n t o  the  outer  s o l a r  system, o r  a braking e f f e c t ,  s o  t h a t  it pro- 
ceeds i n t o  the  inner  s o l a r  system. 
p l ane ta ry  missions c a r r i e d  out  i n  the  past. 
1 4  June 1967 was supposed t o  pass  Venus a t  a d is tance  of 3200 km a f t e r  approxi- 
mately 35 months' f l i g h t  time. 
mity was t h a t  the  probe would undergo a change i n  d i r e c t i o n  due t o  the  g rav i t a -  
t i o n a l  f i e l d  of Venus, which would br ing it c l o s e r  t o  the  sun than would be 
poss ib l e  without the  Venus f ly-by.  In a f r e e  f l i g h t  without passing Venus, t he  
probe would have reached a per ihe l ion  o f  0 .72 AU. 
which occurred a t  a d is tance  of 3968 km on 19 October, t he  probe w i l l  reach a 
p e r i h e l i o n  of 0.58 AU. This mission can the re fo re  be termed the  f i r s t  success-  
f u l  app l i ca t ion  of t h e  swing-by technique. 

The addi t ion-  

Such e f f e c t s  have a l s o  been observable i n  
The Mariner Venus probe launched 

The plan f o r  t h e  t r a n s f e r  o r b i t  and the  proxi -  

Because of  t he  Venus fly-by 

Phys ica l  Explanat ion o f  the  Process 

r equ i r e s  the  so lu t ion  of  a multiple-body problem. 
considered depends on the  na ture  o f  the planned f l i g h t .  
r e c t  J u p i t e r  mission a t  l e a s t  the  masses of t he  e a r t h ,  sun, J u p i t e r ,  and t h e  
probe would have t o  be considered, of  which, of  course,  t he  mass of the  probe 
could be disregarded.  The planning and systematic  choice of t r a n s f e r  o r b i t s  
f o r  a given mission a re  of course s impl i f ied  b y  r igorous so lu t ions  of t h e  two- 
body problem, which a l s o  y i e l d  good s t a r t i n g  values f o r  exact  ca l cu la t ions .  A 
J u p i t e r  t r a n s f e r  o r b i t  can thus be approximatfvely broken down i n t o  the  domains: 

Exact determination of in te rp lane tary  f r e e  f l i g h t  o r b i t s  of space probes 

For example, f o r  a d i -  
The number of  bodies t o  be 
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probe-ear th ,  probe-sun, and Jupi ter-probe.  Three symmetrical g r a v i t a t i o n a l  
p o t e n t i a l s  a r e  thus encountered i n  succession. 
of a c t i v i t y  the  g rav i ty  o f  t h e  respect ive c e n t r a l  body i s  considerably g r e a t e r  
than t h a t  of  the  o the r s ,  f o r  which reason the  ind iv idua l  por t ions  of  the  o r b i t  
represent  conic sec t ions .  
while t he  p l ane tocen t r i c  phases a r e  character ized by hyperbolae. The boundary 
condi t ions obtaining during t h e  en t ry  i n t o  and e x i t  from p lane ta ry  spheres o f  
a c t i v i t y  can be derived by v e c t o r i a l l y  sub t r ac t ing  the  h e l i o c e n t r i c  ve loc i ty  o f  
t he  p l ane t  from the  h e l i o c e n t r i c  ve loc i ty  of the  probe. 
t he  probe t o  the  t a r g e t  p lane t  can bes t  be i l l u s t r a t e d  by the  representa t ions  
i n  Figure 16, where t h e  two cases  o f  acce le ra t ion  and dece lera t ion  of t h e  probe 
have been sketched. 
sphere o f  a c t i v i t y  of t he  p lane t  i n  the  f i g u r e ,  and t h e  po in t s  A i nd ica t e  i t s  
e x i t  from t h a t  sphere.  

Within the  ind iv idua l  spheres 

The he l iocen t r i c  phase i s  genera l ly  an e l l i p s e ,  

The r e l a t ionsh ip  of 

The po in t s  E represent  t he  en t ry  of t h e  probe i n t o  t h e  

In the  case shown i n  Figure 16 above, t h e  r a t e  of 

Figure 16. Schematic representa t ion  of f l i g h t  of a space probe pas t  J u p i t e r .  
Above: The probe i s  acce lera ted  by the  g r a v i t a t i o n a l  p o t e n t i a l  of J u p i t e r ;  
t h e  h e l i o c e n t r i c  ve loc i ty  of t h e  probe i s  g r e a t e r  upon e x i t  from t h e  sphere of  
i n f luence  of the  p lane t  (po in t  A )  than a t  i t s  e x i t  (po in t  E ) .  
i s  slowed down by t h e  g r a v i t a t i o n a l  f i e l d  of J u p i t e r ;  t h e  fly-by t akes  p lace  i n  
such a way tha t  at t h e  moment of sho r t e s t  d i s tance  between probe and p lane t  t h e  
pl'anet i s  moving i n  the  d i r e c t i o n  toward t h e  probe. 

Below: The probe 
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h e l i o c e n t r i c  ve loc i ty  is  g rea t e r  at e x t t  than l’t was a t  en t ry ;  the  probe has 
been acce lera ted  by  the  g r a v i t y  o f  J u p i t e r .  
sh ip  i s  reversed;  t he  probe has been slowed down. The Jov icen t r i c  ve loc i ty  
a t  e n t r y  and e x i t  can be derived from the ve loc i ty  vec tor  diagrams. 
vec tor  diagrams it can be seen t h a t  i n  the  case of acce le ra t ion  the  k i n e t i c  
energy of  t he  probe is  increased from the h e l i o c e n t r i c  viewpoint, while i n  the  
case of dece lera t ion  it is  decreased. Since the  t o t a l  energy i n  t h e  system 
sun-Jupiter-probe represented by the  Keplerian o r b i t s  of J u p i t e r  and t h e  probe 
must remain cons tan t ,  the  energy of J u p i t e r  must change simultaneously because 
of t he  change i n  the  energy of t h e  probe. In  consequence of t he  g rea t  mass of 
the  p l ane t  i n  comparison t o  t h a t  of the  probe, however, t h i s  change is  imper- 
cep t ib ly  small. 

In  Figure 16 below, the  r e l a t i o n -  

From these 

In  the  i n t e r e s t  of s impl i c i ty ,  Figure 16 shows only the  r a t i o s  f o r  a 
two-dimensional f ly-by. In  general, the angle of the  plane of the  o r b i t  t o  
the  e c l i p t i c  can a l s o  be changed by a swing-by maneuver. 

The amount and d i r ec t ion  of  t h e  ve loc i ty  of t he  probe when it leaves the  
sphere of inf luence o f  t he  target p lane t  are dependent on the  following values:  

The ve loc i ty  vec tor  a t  t he  entry i n t o  the  sphere of a c t i v i t y ;  

The p lace  of e n t r y  of the  probe i n t o  the  sphere of a c t i v i t y ,  with r e fe -  
rence t o  a system of coordinates with i t s  o r ig in  a t  t he  cen te r  of t h e  t a r g e t  
p l ane t ;  and 

The mass and consequently the  g rav i t a t iona l  constant 

The g r a v i t a t i o n a l  p o t e n t i a l  of  the p lane t  has the  g rea t e s t  importance of 

o f  t he  p l ane t .  

a l l  t hese  parameters. 

For determining whether a planet  is  p a r t i c u l a r l y  s u i t e d  f o r  swing-by 
maneuvers, t h e  maximal energy change of i n t e rp l ane ta ry  t r a n s f e r  o r b i t s  aEmax 
and t h e  maximal ve loc i ty  change AVmax are  found t o  be usable  da ta .  The cor-  
responding f igures  f o r  a l l  t he  p l ane t s  i n  the  s o l a r  system have been compiled 
i n  Table I V .  These values  may be derived by the  following simple formulas: 

- 
AEmax = Vp Avmax Avmax  = / k,  

J *min 
(kp: minimum dis tance  from the  
c e n t e r  of  t h e  p l a n e t ) ,  
c i t y  of t h e  probe a t  en t ry  i n t o  and e x i t  from the  sphere of inf luence of t he  
p l a n e t .  AE i s  the  d i f fe rence  i n  the  k i n e t i c  energy of t he  probe i n  t h e  same 
two cases .  AVma i n  t h i s  case equals the  o r b i t a l  ve loc i ty  of  a s a t e l l i t e  of 
t h e  p l ane t  a t  t he  same d is tance  as the  apex of the  f ly-by parabola .  
values  were ca l cu la t ed  for a p e r i c e n t r i c  d i s tance  of one p lane tary  rad ius .  
reasons of sa fe ty ,  these  o r b i t s ,  of course,  w i l l  never be a t t a ined ,  and t h i s  
leads immediately t o  a sharp reduction i n  the  maximum a t t a i n a b l e  values  of  AV 
and AE. 
t he  p e r i c e n t r i c  d i s tance  of t h e  swing-by hyperbola a t  the  p l ane t  J u p i t e r .  

g r a v i t a t i o n a l  constant of t he  p l ane t ;  rmin: 
AV is t h e  vec to r i a l  d i f fe rence  of t he  h e l i o c e n t r i c  velo- 

The maximal 
For  

As an example of t h i s ,  Figure 17 shows AVmax and AEmax as  funct ions of 

The values  l i s t e d  i n  Table I V  f o r  the  per ihe l ion  and aphelion of  t he  
conic  s e c t i o n s  which charac te r ize  the  o r b i t  before  the  swing-by maneuver a t  t he  
four  l a r g e r  ou te r  p l a n e t s ,  which produce the  g rea t e s t  changes i n  ve loc i ty  and 
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Figure 17. Dependence of t h e  M a x i m a l  
Change i n  Velocity and Energy on t h e  
P e r i c e n t r i c  Distance o f  t h e  Swing-By 
Hyperbola Around J u p i t e r .  The Fig- 
ures  Given i n  Table I V  Refer t o  Per i -  
He l i a l  Distances of One Plane tary  
Radius; t h e  Graph Above Shows t h e  
Sharp Decline with Greater Pericen- 
t r i c  Distance of t h e  Hyperbola. 

energy, show t h a t  t h e  t r a n s f e r  o r b i t s  
f o r  t hese  p l ane t s  a l ready  c o n s t i t u t e  
escape hyperbolas f o r  our s o l a r  s y s -  
tem even before  the  approach t o  these  
p l a n e t s .  For t h a t  reason t h e  da t a  
f o r  t h e  p r a c t i c a l  case o f  a d i r e c t  
connection (Hohmaxn ellipse) are 
given f o r  a l l  p l ane t s  i n  t h e  last  two 
columns of  Table I V ;  t he  r e l evan t  
t r a n s f e r  times are a l s o  of  i n t e r e s t  
i n  t h i s  connection. 

Use o f  the Gravitational Field of 
Jupiter for Interplanetary Missions 

a t  J u p i t e r  permits t h e  following 
space f l igh t  missions t o  e n t e r  t h e  
realm o f  t h e  poss ib l e  during the  
next  few decades : 

Use of t h e  swing-by technique 
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Figure 18. Schematic Representa- 
t i o n  of Various Poss ib le  Uses of  
the Swing-By Technique at Jup i t e r :  
a )  Explorat ion of the Outer Solar 
System; b) Study of t h e  Sun a t  
Short  Distance (<0.1 AU) and Low 
Heliographic Lat i tude ;  c )  Explora- 
t i o n  of Bxecl ip t ic  Space and of 
So la r  Phenomena i n  High Helio- 
graphic  Lat i tudes.  

A .  Objectives i n  the Transjovian Space 
Of ZQZar System: 
Exploration of t he  ou te r  p l ane t s  
( ind iv idua l  missions) ; 

Mission t o  the  ou te r  p l ane t s  with one 
space vehic le  (grand tour )  ; 

Exploration of  t h e  marginal a reas  of 
t he  s o l a r  system (cometary cloud) .  

B. Objectives i n  the Cisjovian Space of 
the Solar System: 
Exploration of s o l a r  phenomena on t h e  
e c l i p t i c  i n  c lose  proximity t o  t h e  sun;  

Exploration of t he  sun outs ide  the  
e c l i p t i c  (high he l iographic  l a t i t u d e s ) ;  

Exploration of t he  e x e c l i p t i c  space 
of t he  inner  s o l a r  system (a s t e ro id  
mission) ; and 

Exploration of  t he  shor t -per iod  comets. 

Figure 18 shows a schematic view 
of t h e  o r b i t  p r o f i l e s  of these  missions.  
While the  presenta t ion  by W .  Muller gave 
a summary of a l l  the  most important r e -  
s u l t s  of t he  a n a l y t i c a l  s tud ie s  of i n t e r -  
p lane tary  missions from the  ava i l ab le  
l i t e r a t u r e ,  we a r e  l imi t ing  ourselves  
here t o  a r a t h e r  de t a i l ed  discussion of 

t he  Saturn mission, a t r i p l e  swing-by mission, i n d i r e c t  s o l a r  probes (within 
and without the  e c l i p t i c ) ,  and a discussion of  t h e  p o s s i b i l i t i e s  of a rendez- 
vous c o n s t e l l a t i o n  with a comet t o  be achieved by a swing-by maneuver a t  J u p i t e r .  

Saturn Miss ions 

The next target  a f t e r  J u p i t e r  w i l l  be t h e  p l ane t  Sa turn ,  which has  won 
t h e  i n t e r e s t  of t he  s c i e n t i s t  p r imar i ly  because of i t s  l imi ted  dens i ty  of  0 .7  
g/cm3 and i t s  grea t  oblateness  of 10%. 

Various ca l cu la t ions  have shown t h a t  swing-by missions t o  Saturn are pos- 
s i b l e  with a minimal launching ve loc i ty  of  9.25 km/s; t he  c loses t  approach t o  
J u p i t e r  i n  t h a t  case would be 1.5 r a d i i  of  J u p i t e r .  The t o t a l  f l i g h t  t ime, t o  
be s u r e ,  i s  very high -- almost f i v e  years .  The most e f f e c t i v e  d i r e c t  mission 
t o  Saturn i n  1977 would have a f l i g h t  duration of  about four years .  For t h i s  
a hyperbol ic  launching v e l o c i t y  of about 11.5 km/s would be  necessary.  If the  
o r b i t  of  t h e  probe approaches t o  within a d i s t ance  of  10 p lane tary  r a d i i  of the  
c e n t e r  of  J u p i t e r ,  a f l i g h t  of t he  same dura t ion  would requi re  about 9 .5  km/s. 
Thus t h e  considerable  amount of about 2 km/s i s  saved by the  use of t h e  swing- 
by method, and t h i s  g r e a t l y  reduces the  demands made on the  rocke ts .  For ex- 
tremely shor t -dura t ion  f l i g h t s ,  however, d i r e c t  missions a r e  a t  l e a s t  as good 
as swing-by missions.  
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Figure 19. Saturn Mission w i t h  Jupi-  
t e r  Swing-By, Calculated f o r  su1 I d e a l  
Solar  System. 
F l i g h t  i s  1072 Days. 

T h e  Duration of  the  

Figure 19 shows t h e  t h e o r e t i c -  
a l  course of a t r a n s f e r  o r b i t .  The 
launching takes  p lace  i n  September 
1977. The i n i t i a l  geocentr ic  ve loc i -  
t y  required i s  10.5 km/s. J u p i t e r  i s  
passed a t  a d i s t ance  of t h ree  plane- 
t a r y  r a d i i .  The h e l i o c e n t r i c  ve loc i -  
t y  i s  increased v e c t o r i a l l y  t o  18.7 
km/s. 
o r b i t  from e a r t h  t o  J u p i t e r  can be 
discerned. Saturn i s  reached a f t e r  a 
t o t a l  f l i g h t  dura t ion  of 1072 days. 
Other favorable  launching schedules 
occur i n  J u l y  or August 1936 and i n  
October 1978. 

A sharp bend i n  the  undisturbed 

Changes o f  D i  r e c t i  on i n  Several  
G r a v i t a t i o n a l  F i e l d s  

missions t o  the  p l ane t s  of t he  ou te r  
s o l a r  system show t h a t  t he  average 
f l i g h t  durat ions t o  be expected a re  
from th ree  t o  twelve years ,  while t he  
i n i t i a l  v e l o c i t i e s  required a r e  of 
the  order  of magnitude of 10 km/s. 
This c a l l s  f o r  an ex t r ao rd ina r i ly  high 

Calculat ions f o r  space f l igh t  

s c i e n t i f i c  and technica l  ou t lay  for  such missions.  I t  seems sens ib l e  f o r  t h i s  
reason t o  combine the  poss ib l e  individual  missions t o  the  ou te r  p l ane t s  i n t o  a 
s i n g l e  mission on the  b a s i s  of  t h e  ve loc i ty  gains t o  be derived from t h e  gravi -  
t a t i o n a l  f i e l d s  of J u p i t e r ,  Sa turn ,  and Uranus. S tudies  of severa l  consecutive 
changes o f  course of a probe by means of t he  g r a v i t a t i o n a l  forces  of  t he  ou te r  
p l ane t s  have shown t h a t  a whole class of such missions i s  a c t u a l l y  poss ib le  i n  
t h e  second h a l f  of t he  sevent ies .  

Figure 20 shows t h e  e s s e n t i a l  r e s u l t s  o f  t h i s  work. The path oC a n i s -  
s ion  i s  shown here t h a t  would have t o  be launched on 14 September 1977. 
c h a r a c t e r i s t i c  i n i t i a l  ve loc i ty  i s  9.9 km/s.  
probe reaches J u p i t e r ,  where the  planned coume change occurs a t  a d i s tance  of 
1 2  J u p i t e r  r a d i i  from the center  of mass. Saturn is reached a f t e r  another two 
yea r s ,  on 12  December 1981. 
a t  a d i s t ance  of only 3 . 4  Saturn r a d i i .  A s  w i l l  be seen,  t h e  t r a j e c t o r y  under- 
goes t h e  g rea t e s t  change a t  Saturn.  A scant  f i v e  years  l a t e r ,  on 31 Ju ly  1986, 
Uranus is  passed, on the  dayside, a t  a d i s tance  of 6 Uranus r a d i i .  The r e s t  of  
t h e  mission lasts another four  years ,  so t h a t  the  p l ane t  Neptune is reached on 
23 May 1990. 
months. The propel lan t  requirements and f l i g h t  dura t ion  a r e  about t he  same as  
would b e  required f o r  an individual  mission t o  Neptune. If we assume t h a t  t he  
swing-by maneuvers can be accomplished within the  l i m i t  of permissible  e r r o r ,  
t h i s  k ind  of t r i p l e  swing-by maneuver o f f e r s  t he  p o s s i b i l i t y  of studying the  
four  major p l ane t s  of t h e  outer  s o l a r  system with a s i n g l e  space vehic le .  

The 
Af ter  approximately two years t he  

The probe must pass th i s  p l ane t  on t h e  n ights ide  

The e n t i r e  mission thus requi res  approximately 1 2  years and 8 
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LAUNCHING 
FROM EARTH ORBITS OF 

14. SEPT 1977 

VAL AT - SATURN URANUS NEPTUNX. 
23 MAY FLY-BY FLY -BY 

1990 
1 2  DEC. 1981 31 J U L Y  '86 

rmin = 6.0 
NIGHTSIDE DAYSIDE 

rmin = 3.4 

Figure 20. Threefold Swing-By Mission 
(Grand Tour) i n t o  t h e  Outer So la r  Sys- 
t e m ,  t h e  Grav i t a t iona l  P o t e n t i a l s  of 
J u p i t e r ,  Sa turn ,  and Uranus Being Used 
i n  Turn i n  Order t o  Reach Neptune 
A f t e r  Thi r teen  Years' F l igh t  Time.  A 
Favorable Cons te l la t ion  o f  t he  P lane t s  
f o r  Such a F l i g h t  Has Been Calculated 
for 14 September 1977; If That Date i s  
Missed it W i l l  Be Years Before S i m i -  
l a r l y  Favorable Conditions Occur Again. 

i 

While t h e  second h a l f  of 
t he  seven t i e s  provides  ample oppor- 
t u n i t i e s  f o r  launching ind iv idua l  
missions t o  t h e  ou te r  p l a n e t s  of 
t he  s o l a r  system, t h e  poss ib l e  
launching da te s  f o r  a t r i p l e  swing- 
by mission are much more t h i n l y  
strewn. According t o  Flandro 's  
d a t a ,  a mission of t h i s  s o r t  could 
be launched on 7 October 1978, bu t  
t he  i n i t i a l  v e l o c i t y  would have t o  
be 11 km/s.  

S o l a r  Probes 
I n  order  t o  s tudy the  inner  

s o l a r  system and p a r t i c u l a r l y  the  
immediate v i c i n i t y  of t h e  sun more 
c lose ly ,  bes ides  d i r e c t  missions 
the  p o s s i b i l i t y  of r e d i r e c t i n g  a 
probe around J u p i t e r  i n  such a way 
t h a t  it i s  brought i n t o  c lose  proxi -  
mity t o  the  sun, e i t h e r  i n s ide  o r  
ou ts ide  t h e  plane of t h e  e c l i p t i c ,  
may be r e so r t ed  t o .  
shows t h e  r e l a t i o n s h i p  between the  
f l i g h t  du ra t ion ,  power requirement,  
and first p e r i h e l i o n  f o r  e c l i p t i c a l  

Figure 2 1  

s o l a r  probks t h a t  make use of' t he  
g r a v i t a t i o n a l  p o t e n t i a l  of J u p i t e r  t o  dece lera te  t h e  probe. 
t he  f l i g h t  dura t ion  of t he  swing-by mission i s  a g rea t  dea l  longer than t h a t  of 
a d i r e c t  mission,  passing J u p i t e r  permits a f a r  c l o s e r  approach t o  the  sun than 
i s  p o s s i b l e  i n  d i r e c t  missions with the  i n i t i a l  v e l o c i t i e s  t h a t  can be achieved 
today. I f ,  f o r  i n s t ance ,  a p e r i h e l i a l  d i s t ance  of 0.02 AU i s  t o  be achieved by 
a d i r e c t  mission, an i n i t i a l  v e l o c i t y  o f  24 km/s must be a t t a i n e d ,  while t h i s  
value could be reduced t o  approximately 10.5 km/s by making use of t he  g rav i t a -  
t i o n a l  f i e l d  of J u p i t e r ,  a reduct ion of about 56%. 

While of course 

The d i f f e rence  i s  even greater when e x e c l i p t i c  o r b i t s  are des i r ed .  For 
d i r e c t  missions,  regard less  of t h e  p e r i h e l i a l  d i s t ance  des i r ed ,  an i n i t i a l  ve- 
l o c i t y  o f  30 km/s must be a t t a i n e d  i f  the plane of t he  o r b i t  i s  t o  be normal t o  
t h e  ec l ip t i c .  The only ava i l ab le  recourse here  i s  the  use of the  g r a v i t a t i o n a l  
p o t e n t i a l  o f  J u p i t e r .  In order  t o  a t t a i n  t h e  des i r ed  i n c l i n a t i o n  of t h e  plane 
of t h e  o r b i t  of t he  probe by the  J u p i t e r  f ly -by ,  t h e  hyperbol ic  escape v e l o c i t y  
of t h e  probe must be greater than o r  equal t o  t h e  h e l i o c e n t r i c  v e l o c i t y  of Ju-  
p i t e r  a t  t h e  time of e n t r y  i n t o  J u p i t e r ' s  sphere of in f luence .  
only when the  passage time from the  ea r th  t o  J u p i t e r  is 450 days o r  less. Nu- 
merous s t u d i e s  were c a r r i e d  out by R.  Metzger t o  c l a r i f y  the  r e l a t i o n s h i p  be- 
tween t h e  o r b i t a l  parameters of t h e  undisturbed t r a n s f e r  o r b i t s  from t h e  e a r t h  
t o  J u p i t e r  and t h e  parameters of t h e  o r b i t s  a f t e r  t he  swing-by maneuvers. By 
way of  example, Figure 22 presen t s  a perspec t ive  i l l u s t r a t i o n  of t h e  o r b i t a l  

This i s  t h e  case 
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SWING-BY 

224 -+ I I f 

9 !@ 11 '12 rh/sl 

GEOCENTRIC HYPERBOLIC EXCESS VELOCITY 

0 

Figure 21. Orbi ta l  Parameters of an In-  
d i r e c t  E c l i p t i c a l  Solar Mission with 
J u p i t e r  Swing-By. The Orbit from the 
Earth Around J u p i t e r  t o  the  Sun, R u n -  
ning i n  t h e  E c l i p t i c ,  i s  Schematically 
Represented Below. 

pa th  of  a mission t h a t  could be 
launched on 26 June 1975. The necessa- 
r y  i n i t i a l  ve loc i ty  i s  11 km/s, s ince  
the  t r a n s f e r  o r b i t  e a r t h - J u p i t e r  l i e s  
only s l i g h t l y  o f f  the  e c l i p t i c .  The 
probe reaches a proximity of  7 plane-  
t a r y  r a d i i  from J u p i t e r  450 days l a t e r .  
This throws t h e  probe 90' o f f  t h e  plane 
of t he  e c l i p t i c ,  and the  new pe r ihe l ion  
t h a t  comes about w i l l  be a t  a d i s tance  
of 0.045 AU from the  sun. The e n t i r e  
mission from launching t o  pe r ihe l ion  
w i l l  last  3.14 years .  The time spent  
i n  the  a s t e r o i d  b e l t  w i l l  be about 200 
days on the  t r i p  t o  J u p i t e r  from the  
e a r t h  and another 200 days on the  way 
from J u p i t e r  t o  the  sun. 

In  the  case of e x e c l i p t i c  m i s -  
s i ons  f o r  s o l a r  research t h e  swing-by 
maneuver must be ca r r i ed  out  i n  such a 
way t h a t  t he  probe i s  sharp ly  decele- 
r a t e d .  This g r e a t l y  reduces the  aphe- 
l i o n  and the  s h o r t  semi-axis as  well  
as the  pe r ihe l ion ,  as can be seen from 
Figure 2 2 .  I t  follows from t h i s ,  how- 
ever ,  t h a t  such missions are unsui ted 
t o  explorat ion of the  high e x e c l i p t i c a l  
space of the  inner  s o l a r  system. For 
t h e  explorat ion of t a r g e t s  a t  g rea t  
d i s tances  from the  e c l i p t i c ,  such as 
meteor swarms, the  plasma, and the  mag- 
n e t i c  f i e l d ,  methods must be found t h a t  
w i l l  throw the  probe 90° o f f  t h e  e c l i p -  
t i c  bu t  w i l l  not  have s o  s t rong  a brak- 

ing e f f e c t .  
po in t .  

A g rea t  number of s tud ie s  have already been ca r r i ed  out  on-this 

Come t a ry M i  s s i ons 

represented  by the  comets, and c e r t a i n l y  t h e  most i n t e r e s t i n g  s i n g l e  t a r g e t  among 
them f o r  t he  next twenty years  i s  Hal ley 's  Comet, whose l a s t  pe r ihe l ion  was ob- 
served i n  1910 and whose r e tu rn  i s  predic ted  f o r  1986. This comet is  s ing led  
out  ahead of t he  o thers  because of i t s  s h o r t e r  p e r i h e l i a l  d i s tance  (0.59 AU), 
i t s  s i z e  (absolute  luminance MO = 4.6) ,  and i t s  retrograde o r b i t .  For a d i r e c t  
f ly-by mission launched i n  January o r  Ju ly  1985 the  r e l a t i v e  ve loc i ty  of the  
probe t o  the  comet would between 60 and 70 km/s.  
impossible with the  present  capaci ty  of chemical rocket propulsion systems. 

An ex t r ao rd ina r i ly  i n t e r e s t i n g  subjec t  i n  the  explorat ion of  space is  

A rendez-vous the re fo re  appears 

Here again t h e  use of t he  swing-by a t  J u p i t e r  o f f e r s  a way out (Figure 
23).  According t o  ca l cu la t ions ,  t he  launching would take  p lace  from the  e a r t h  
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v4 = 11,l k m / s  
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Figure 22. Orbi t  of  an Exec l ip t i ca l  Solar Probe Af ter  a J u p i t e r  Swing-By. The 
Probe i s  Thrown out  of  t h e  Plane of t he  E c l i p t i c  by t h e  Change of Direct ion a t  
J u p i t e r .  

Fivgure 23. Rendez-Vous of a Probe with Hal ley 's  Comet A f t e r  F l igh t  Around Jupi- 
t e r .  
t h e  E c l i p t i c  and i s  Thus Given a Retrograde O r b i t a l  Di rec t ion ,  Like That of  t h e  
Comet I t s e l f .  
Rela t ive  Velocity o f  t h e  Probe with Respect t o  t h e  Comet is About 6 .3  km/si for 
a Real Rendez-Vous, i n  Which t h e  Two Heavenly Bodies Fly Side by Side f o r  Some 
Time, t h e  Propulsion System of  t h e  Probe , Control led from the  Ear th ,  Would 
Therefore Have t o  Generate a Change of  Velocity of That Amount. 

By t h e  Swing-By Maneuver a t  J u p i t e r  t h e  Probe i s  Catapulted 160" Out of 

A t  t h e  Heet ing Poin t ,  Where t h e  Comet Overtakes t h e  Probe, t h e  

I 
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a t  t h e  end of 1977. 
of  about 1 4  km/s. 
would f l y  i n  
i n t o  t h e  inne r  s o l a r  system. 
becomes re t rograde  i n  the  astronomical sense ,  o r  t h e  same as  t h a t  o f  t he  comet. 
The meeting of t h e  two heavenly bodies  takes  p lace  i n  J u l y  1985, approximately 
200 days before  t h e  pe r ihe l ion  of t he  comet i s  reached, a t  a d i s t ance  of  about 
3 .8  AU from the  sun. In  order  t o  r e a l i z e  an e f f e c t i v e  rendez-vous with t h e  
comet, s o  t h a t  t h e  two heavenly bodies f l y  along s i d e  by s i d e  a t  the  same velo-  
c i t y ,  t h e  probe would have t o  increase  i t s  own h e l i o c e n t r i c  v e l o c i t y  a t  t h i s  
time. A t  t h e  p reca lcu la t ed  po in t  i n  i t s  o r b i t  t he  comet's h e l i o c e n t r i c  ve loc i -  
t y  w i l l  b e  approximately 23  km/s.  The r e l a t i v e  v e l o c i t y ,  which would have t o  
be overcome by t h e  propuls ion system of t h e  probe, amounts t o  about 6 . 3  km/s, 
o r  only about 10% of t h a t  requi red  f o r  a d i r e c t  mission. 

The power requirement corresponds t o  an i n i t i a l  v e l o c i t y  
After a r e l a t i v e l y  shor t  f l i g h t  time t o  J u p i t e r ,  t he  probe 

an o r b i t  on a plane a t  an angle of  about 160' from the  e c l i p t i c  
In t h i s  way t h e  d i r e c t i o n  of t h e  probe 's  t r a v e l  

Problems o f  the Swing-By Technique 

system can be c l e a r l y  seen from t h e  examples given above. 
i n  power requirements of o r b i t s  i n t o  the ou te r  s o l a r  system must be seen as a 
g r e a t  advantage of t h i s  technique over d i r e c t  missions t o  t h e  same t a r g e t s .  
While the  use of t he  g r a v i t a t i o n a l  f i e l d  of J u p i t e r  has a favorable  effect  on 
the  f l i g h t  dura t ion  of missions t o  t h e  ou te r  s o l a r  system, missions i n t o  t h e  
inne r  s o l a r  system are sometimes made considerably longer  i n  dura t ion .  That t h e  
probe must pass  through t h e  a s t e r o i d  b e l t  twice f o r  missions i n t o  t h e  inner  
s o l a r  system must be counted as a f u r t h e r  disadvantage,  s ince  t h e  danger of co l -  
l i s i o n  with small bodies i s  thus  doubled. 

The importance of  t h e  swing-by technique f o r  t h e  explora t ion  of t h e  s o l a r  
The g rea t  reduct ion 

The necessary exac t i tude  o f  t h e  o r b i t  may well present  t h e  g r e a t e s t  prob- 
lems, however. The g r e a t e s t  demands on the  course co r rec t ion  system w i l l  be 
made by secondary missions i n t o  t h e  outer  s o l a r  system, and of course e spec ia l -  
l y  by mul t ip l e  swing-by missions.  Even small changes i n  t h e  h e l i o c e n t r i c  velo-  
c i t y  vec to r s  s h o r t l y  before  t h e  j o v i c e n t r i c  phase w i l l  b r ing  about considerable  
v a r i a t i o n s  i n  the  o r b i t a l  parameters,  Although exact  ca l cu la t ions  f o r  t he  f u e l  
requirements f o r  these  course cor rec t ions  i n  t h e  missions discussed are not y e t  
known, it would be safe t o  state t h a t  the weight of t hese  masses of f u e l  i s  not  
t h e  c r i t i c a l  f a c t o r ,  bu t  r a t h e r  t h e  necess i ty  of i g n i t i n g  the  course-correct ing 
engines  more of ten  than f o r  t he  missions c a r r i e d  out thus  far .  This i s  of t h e  
g r e a t e s t  importance f o r  t a r g e t s  i n  t rans jovian  space,  p r imar i ly  because small 
e r r o r s  i n  t h e  v e l o c i t y  vec tors  have a t e l l i n g  e f f e c t  on t a r g e t  exac t i tude  due 
t o  t h e  g r e a t  d i s t ances  involved. 
with J u p i t e r  swing-by w i l l  be less problematical .  
i n i t i a l  v e l o c i t y  w i l l  have a g rea t  e f f ec t  on the  r e s u l t i n g  pe r ihe l ion ,  e r r o r s  i n  
t h e  i n j e c t i o n  rate up t o  a c e r t a i n  point  w i l l  be of l e s s  se r iousness ,  s ince  it 
w i l l  have l i t t l e  effect  on the  experiments whether t h e  probe approaches t o  with-  
i n  0 . 1  AU o r  0.05 AU of t h e  sun. 

The prec is ion  of t h e  o r b i t s  f o r  s o l a r  probes 
Although t h e  value of t h e  

The n e c e s s i t y  f o r  an adequate degree of redundancy t o  ensure a high l e v e l  
of r e l i a b i l i t y  follows from the technica l  problems ou t l ined  above. 
s a r y  u s e f u l  loads can of course be launched with t h e  Saturn 5 ,  and the  Saturn 
2 B with s u i t a b l e  upper s t ages  can be used f o r  such in t e rp l ane ta ry  missions,  as 

The neces- 
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Figure 24. Estimate o f  Useful Loads of Car r i e r  Rockets f o r  In t e rp l ane ta ry  M i s -  
s ions .  

i s  shown by an appra isa l  of  the  usefu l  loads of various c a r r i e r  rockets  f o r  
i n t e r p l a n e t a r y  missions (Figure 24) .  

Do cwnent a t  ion 

by comprehensive r epor t s .  I t  is thanks t o  t h i s  f a c t  t h a t  t he  present  a r t i c l e  
p re sen t s  a summary of the  most important r e p o r t s ,  from which most of t h e  p i c -  
t u r e s  and diagrams used a r e  a l s o  taken. 
t he re fo re ,  we r e f e r  the  reader  t o  the  t i t l e s  of t he  l e c t u r e s ,  which a re  l i s t e d  
i n  the  f i r s t  p a r t  o f  t h i s  a r t i c l e  [page 51.  

1 

T 

A t  t he  symposium a l l  t h e  l ec tu re s  were documented i n  an exemplary manner 

Rather than l is t  the  bibliography he re ,  

. 
Trans la ted  for t h e  National Aeronautics and Space Administration under Contract 
No. NASw-1695 by Techtran Corporation, P.O. Box 729, Glen Burnie, Md. 21061 
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